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PREFACE. 



It is with mucli diffidence that I hare decided to iaaue the 
followiQg pagea to the judgmeDt of physicists, kxid others 
practically interested in the subject treated. Aa an amateur, 
dabbling in a Bcientifio subject of peculiar complexity, and 
handicapped by the want of ready access to detailed and 
recent information, such diffidence is natural. I have been 
influeaoed in roy decision hy two reasona. In the first place, 
if the theory propounded ia in the main correct and novel, it 
IB only right that publicity should be given to it, and, in the 
B&cond place, if the theory is incorrect, or in the main 
incorrect, its promulgation may, nererthelesa, further the 
progresB of scien'.iEc investigation by directing attention to 
certain matters con^aecttd. «it^. tjie ^-ubject which appear to 
have hitherto been o'TOElooked, or comparatively ignored, 

I have endeavoured "tp'sho.tv thitby the acceptance of the 
modem epeculativs hyputjioaiE thai the space surrounding the 
Earth, beyond the eQVBl3i.'iug atmcsphere, is permeated by a 
medium of an electrical character — an hypothesis put forward 
in relation to subjects unconnected with terrestrial magnetism, 
and which must necessarily from its nature be speculative — 
a reasonable and satisfactory explanation can be obtained as 
to how it comes about that the Earth is a magnet. 

This being granted, I have ventured to submit that many 

of the puzzling peculiarities connected with the various 

phenomena relating to terrestrial magnetism may be — at 

ui 



iv PBEFACEk 

least to Bome extant— explained, by giving dufl weight to 
(1) trhe peculiarities connected with th^ nature of the Earth's 
magnetizatiotij and (2) the peculiarities connected with the 
material structure and motions ol the body magnetized — that 
is, the Earth itself. 

Whilst the reasons submitted appear to myself to be of 
weight, others will doubtless be able to detect some fallacies- 
The subject has no persistently eluded the discovery of its 
governing laws that this must be looked for. 

I have to express my earnest hope that this little con- 
tribution towards the elucidation of a difficult subject may 
really prove helpful in that direction.. 

I have to acknowledge my indebtedness to my friend, 
Hr. Arthur H. Mackenzie, M.A., B.Sc., South Kensington, for 
the working of the problems in spherical trigonometry, which 
are embodied in the Appendix, 

I have also to acknowledge my indebtedness to the 
Publishers for valuable assistance and suggestions in 
connection with various detail^. . ; " '. ' .*'. 

■.v-;,\f ":'•.' '-■'•^R'tht.. A BLACK. 
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CHAPTER I. 

THE NATURE OF THE PEOBLEM. 

The phenomenon of terrestrial magnetism is still one 
of the mysteries of science, although the fact that the 
magnetic needle of the compass points approximately 
north and south, has been known for agea 

The origin of the compass cannot, indeed, be traced 
with any certainty. There is reason to believe that 
the Chinese knew something of the polaric property 
of loadstone more than two thousand yeara before the 
Christian era, They, according to their traditions, 
used the compass from the moat remote antiquity to 
guide them in their travels. They had an invention 
which they called a " sonth-indicating car," in the 
upper part of which was set a magnetic needle, float- 
iag freely on water, and so adjusted as to move the 
arm of a sm^dl figure, and cause it to point constantly 
towards the south. This invention is trskditionally ' 
supposed to have been in use more than a thousand 
years before the commencement of our era. At any 
rate the Chinese in all probability had aome know- 
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ledge of the directive tendency of the magnetic needle 
three thousand years ago. 

The power of the loadstone, to magnetise iron, is for 
the first time clearly referred to in a Chinese diction* 
&ry, which was finished in 121 A.D,, where the load- 
stone 13 defined aa " a stone with which an attraction 
can be given to the needle." The first mention of the 
use of the compass in navigation, occurs in a Chinese 
encyclopaedia, in which it is stated that under the Tsin 
dynasty, or between 265 and 419 A.D., "there were 
ships directed to the south by the needle." Sir G. T, 
Staunton in his " Embassy to China," which waa pub- 
lisihed in the closing years of the eighteenth century, 
refers to the early acquaintance of the Chinese with 
the property of the compass to point southwards, and 
continues, " The nature and the cause of the qualities 
of the magnet have, at all times, been subjects of con- 
templation among the Chinese. The Chinese name for 
tha compass is ting-iaan'chi'n.g, or needle pointing to 
the south, and a diatinguiahing mark is fi^ed on the 
magnet's southern pole, as in European compasses upon 
the northern one." The number of points of the com,- 
pass, according to the Chineae, is twenty-four (instead 
of thirty-two as is the case with us), and these are 
reckoned from the South Pole, The form of the com- 
pass in use in China is also, according to Mr. F. H, 
Butler, different from that employed in Europe. He 
states that "the needle is peculiarly poised, with jta 
point of suspension a little below its centre of gravity, 
and is exceedingly sensitive; it is seldom more than 
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an inch in length, and is less than a line in thickness." 

Aa Mr. Butler remarks, " it appears thus sufficieDtty 
evident that the Chinese are not indebted to Weatem 
nations for their knowledge of the use of the compass." 

The compass was, it is supposed, introduced into 
Europe in the eleventh or twelfth century A.D., in the 
original form of a nwdle floating on water, and it 
was not until the latter half of the fourteenth century 
that the balan&jd needle came into use. 

The honour of having invented the compass has 
been claimed by fiome Italians for their couotryman 
Flavio Gioja, a native of Amalfi, who lived in the 
fourteenth century, but it is generally believed that 
he can be credited only with some important improve- 
ment on the instrument, possibly with the balancing 
of the needle on a pivot, in place of having it floating 
on water, or suspended by a thread. Undoubtedly 
the compass was in use in China long before his time. 

Notwithstanding their knowledge of the directive 
tendency of the needle for so many centuries before 
its introduction into Europe, the Chinese had no 
knowledge of the fact that every magnet has two 
poles. They apparently regarded only the direction 
of the marked end of the needle which they espected 
to indicate the south, and they could not understand 
why it occasionally happened that this end turned 
towards the north instead of the south. Tliey mag- 
netised their needles by rubbing them with loadstone, 
and the distinction in the effect produced in different 
needles was an insoluble puzzle. A Chinese author 
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(11th cent.), quoted by Biot, describea the process o! 
magnetization and its results. Ho aays " those who 
perform the trick rub the needle with a magnet 
stone; then it will mark the south; it will, however, 
decline always a little towards the east It doea not 
exactly indicate the south. When such a needle 
floats on water it is very much agitated. If one's 
finger nails simply touch the edge of the basin where 
it floats, they throw it into agitation. It is better to 
suspend it in order to manifest its virtue as much as 
possible. This ia the method, — ^take a thread out of 
a new skeia of cotton, and stick one end of the 
thread to the exact middle of the magnet, with a 
piece of wax as big as a mustard seed. Then hang 
it in a place free from draughts. The needle will 
then point steadily to the south. Among these 
needles obtained by rubbing, there are always some 
which mark the north. Our conjurers always have 
some which point south, and some which point north." 

This quotation makes it evident that the Chinese 
had discovered by the eleventh century a.D, that the 
direction of the needle was not exactly towards the 
true north and south in that locality, and possibly 
they may have discovered at this early period that 
its direction was subject to alight variation, although, 
as Staunton points out, "the sphere of Chinese navi- 
gation is too limited to have afforded experience and 
observation for forming any system of laws supposed 
to govern the variation of the needle," 

The needle of the compass is commonly said to 
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point north and southj but it is in eomparatively few 
places that this is literally correct. It has not been 
the case in London since the year 1657. Before that 
year, the marked end of the needle pointed eastward 
of north, and ever since then it has pointed westward 
of north ; hut this westerly " variation " as it ia 
called, reached its maximum, which waa about 24| 
degrees in 1818, and has since then been slowly 
diminishing year by year. The discovery that the 
needle waa subject to variation in direction has been 
attributed by some to Colutnbus, but many authorities 
suppose the fact to have been known long before 
his time. In fact^ this discovery also is claimed for 
the Chinese, and is said to have been made in the 
eleventh century of our era. 

Although it thus appears that the fact that the 
magnetic needle has a directive tendency has been 
known for many centuries, and the fact that its direc- 
tion IB subject to gradual variation has been known for 
at least three hundred years, we are still without any 
satisfactory explanation of these facta. There can be 
no doubt that the varying direction of the needle is 
really subject to natural laws; but, though the dis- 
covery and elucidation of these laws have been for 
centuries a matter of patient investigation, no satii^- 
factory explanation has yet been arrived at, 

The very mystery which attaches to the whole 
subject has proved alluring, and many explanations 
have been forthcoming. Sir Humphrey Gilbert, a 
distinguished English navigator and discoverer of the 
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time of Queen Elizabeth, conjectured the existence oJ 
a large magnet inside the earth, whose poles were 
near the geographical polea, Halley, the celebrated 
AstfOttomer Royal, published in 1683 a " Theory of 
the Variation of the Magnetical CompasB," in which 
he endeavours to account for the action of the com- 
pass by the supposition of the earth being a great 
magnet, having four circulating magnetic polea or 
points of attraction. This theory is referred to in a 
recent work as " ingenious though unsatiafactory." 
Barlow, who was Profeaaor of Mathematics at Wool- 
wich Royal Military Academy about the middle of 
last century, explained the observed facts by sup- 
posing the existence of electric currents passing around 
the earth's surface from east to west. One theory 
suggests the existence of a small magnet of great 
power inside the earth, another the existence of two 
magnets, but it is admitted that even if either 
supposition would explain certain facts, each would 
leave many facta absolutely unexplained. Many other 
complicated explanations have been given, but have 
failed to receive general acceptance. 

It has in our own day been discovered that when the 
sensitive needles of the observatories exhibit the 
tremulous agitations characteristic of what are called 
"magnetic storms" there are invariably at, or about, 
the same time, more or less brilUant displays of aurora 
and conspicuous spots on the sun, and it has been 
demonstrated that if any two of these phenomena 
occur the third must also occur. If spots on the sun 
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become apparent and aarora is visiblfij there have been^ 
or there will be^ magnetic etorms. If there are sun 
spots and magnetic BtormSj we may conclude that the 
aurora is more than usually conspicuous, whether it 
is visible in our own part of the earth or not. If we 
have aurora and magnetic istorms, there must be sun 
spots. That there ia aome connection between these 
three natural phenomena is generally agreed, but as 
to the nature of the connection, we have, as yet, no 
definite and satisfactory explanation. 

The mystery of the compaas is still a mystery, made 
the more interesting by a chance illurainant. 

At present magnetists are cbieily engaged in accumu- 
lating observations which will be available for the future 
complete elucidation of the subject. To the questions, 
why does the magnetic needle point approximately to 
the north and south, what causes the needle to vary 
in its direction, what are the causes of magnetic 
Bborma, and what is the nature of the connection be- 
tween aurorse, magnetic storms, and eun spota, no 
satisfactory answer has yet been given. 

In former generations the esplanation of the esist- 
ence of terrestrial magnetism was generally looked for 
in terrestrial sources; but, latterly, the tendency has 
become more general to seek for the explanation in 
extra-mundane sources, and at present opinion ia 
divided as to whether these sources are of solar or 



Such ia the problem at present engaging the atten- 
tion of masnetistfl all the world over. 
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The OrhUal and J}{unial Moi/eviertti of the Earih. — The tpoiSt-^Uf^ 
tntdium. and iu wUure.—The Sun't action on the Ear^ thrmgh 
thu faedivm. 

In conaideEiDg whether, aa is now generally believed, 
terrestrial magnetism is really originated by causea 
outside the earth, the first question which presents 
itaelf ia, whether the earth in its axial and orbital 
movementa encounters any medium by which it may 
be affected. The earth movea in its orbit at the in- 
conceivable average speed of 18| milea a second, while 
it rotates on its azis at such a speed as results in a 
complete revolution every 24 hours. By the orbital 
movement every portio7i of the earth isj of coui'se, 
carried onward at the sa/me speed ; but by the diurnal 
rotation different localities on the surface are carried 
through space at various rates of speed, according to 
their geographical latitude. As the circumference of 
the earth at the equator is about 25,000 miles, every 
spot on the equator ia carried daily through 25,000 
miles by the axial rotation, being a speed of about 
17i miles a minute. On the other hand the geo- 
graphical poles are not carried through space at all 
by the daily rotation, and, between the equator and 
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the poles, the apeed of tbe rotatory displacement con- 
tinuously decreases as the latitude increases. 

We have now to consider whether in these move- 
ments of orbital and diurnal rotation there is any 
influence brought to bear upon the earth through 
the medium of surrounding space, 

It the space surrounding the earth were a vacuum, 
we could conceive of the earth being absolutely un- 
affected by its movements through it; but if the sur- 
rounding space is not a vacuum, then, no doubt, 
according to the nature of its constituents, it must 
in some measure influence the earth. It is, of course, 
evident that, if it is not a vacuum, the aurrounding 
space can be occupied only by a peculiarly subtle 
medium, as otherwise the movements of the earth 
would necessarily in the course of ages be retarded, 
and ultimately brought to an end ; while there appeai-a 
to be no conclusive evidence that the orbital move- 
ment of the earth has appreciably decreased id rapid- 
ity from the earliest times. 

The vague notion of the "ether" as an intangible 
medium pervading all space, has been common property 
since the days of Newton, In order to base various 
scientific theories, physicists have repeatedly found 
themselves obliged to asswrne the existence, in the space 
surrounding the earth, of a substance of extreme tenuity. 

It thus came to be conjectured, and gradually accepted, 
that space cannot be an absolute void, and the teauous 
substance, by which it came by degrees to be believed 
it was filled, became known as the "ether." Thus, 
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"ether" is a name given to the supposed space-filling 
meditnu, in igDorance of either its actual existence or 
its nature, the name being, it is believed, derived from 
the Greek word (i(d(^, — I light up, I bum. 

Although the presence of an "ether" in the @ur- 
rounding space was thus merely conjectured deductively 
by scientists in the past, and although our ideas of 
the "ether" have continued to be rather vague and 
indefinite; recent investigations have tended to throw 
Bome light on the question as to whether interstell- 
ar apace, or at least the space immediately surround- 
ing the earth, is really permeated by an intangible 
medium, and have also, to some extent, given de- 
fiuiteness to the former vague notionis regarding this 
suppoaed medium. 

Astronomers believe that what is caMod " the Zodiacal 
Light" extends outwards from the sun to a distance 
greater than that which separates the earth from the 
great centre of the system. Profesaor Simon Newcomb 
of Washington, who is an authority on astronomical 
subjects, says that "up to tlie present time, the con- 
clusions which can be definitely stated are somewhat 
general in their nature. The sun is surrounded by 
an exceedingly rare cloud of matter of very indefinite 
outline, lenticular in form, extending out somewhat 
beyond the orbit of the earth." The older astronomers 
such as Kepler, supposed the Zodiacal Light to be the 
atmosphere of the sun, but the weight of modern 
astronomical opinion appears to be against such a 
supposition. It is, however, agreed that this tenuous 
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subBtance^ whether it ia really the san'fl atmosphere 
or not, extends outwards from the sun, beyond the 

greatest distance at any time separating our planet 
from the sun (which we may take to be 94^ millions 
o£ miles), so that in at least a portion of its orbital 
journey the earth probably moves through it, and 
thua, according to this view, the space immediately 
surrounding the earth is, at least to some extent, 
occupied by thig "rare cloud of matter." 

Chemists and physicists, however, have been the 
chief contributors to our knowledge regarding the 
surrounding space, and this principally in connection 
with investigations quite apart from our subject. 
These investigations have thrown much light upon 
the question of the nature of the conjectured space- 
filling ether, at anyrate in so far as our system is 
concerned. 

Professor J. J. Thomson of Cambridge, in his studies 
of the Crookes tubes, foand that the exquisite glow 
which appears when a current of electricity is sent 
through a tube is apparently due to minute particles 
shot by repulsion from one of its poles. These par- 
ticles are heated to inoandescence and travel at a. 
speed of 50,000 miles a second, being about one-third 
of the velocity of light. Professor Thomson and his 
co-workers "found a way to measure their mass, and 
the charge of electricity they bear. The charge is 
the same as that of the particles which ferry electricity 
through a liquid, hut their mass is but a thousandth 
part of that of the lightest atom known. What is 
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more striking than all is that they seem all alike. 
No matter what may be their source they have the 
Bame mass, the aame charge, act exactly the Bame. 
The cathode — the pole from which they spring — may 
be of gold or lead, of copper or silver^ it makes no 
difiFerence, Moreover, it seems as if these cathode 
particles, as they are called^ are streaming from every- 
where — from the sun, from the tips of the leaves of 
a tree. Space- seems to be swarming with them."* 

Profeaaor Thomson, following Newton's phraseology, 
called these particles ''corpuscles," and, as, Mr. Carl 
Snyder remarks in his recently published volume, 
Ifew ConceptioTW in Science, "It is rather bewilder- 
ing to be told that these corpuscles may turn out to 
be electricity, matter, light, the aurora borealis, mag- 
netism, chemical affinity, and various other trifles, all 
at once."i- 

Professor Thomson discovered that these particles 
boar a high electrical charge, and that a stream of 
them could be bent and deflected by a magnet as if 
it were a piece of iron. These "corpuscles," have 
introduced into the realm of science an entirely new 
conception, which is that electricity is really atortvic 
in Btructure. 

Professor Crookes, in the course of his investiga- 
tions, found that while as a general rule the higher 
the degree of exhaustion in the Crookes tubes the 
more readily could a current of electricity bridge the 

* New Coneeptlont m Seierux, by Cai4 Snjdcr, p. 94. t ^^in Qmwp' 
tioni in Soienci, p. 133. 
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empty space, yet a. degree of exhaustioQ could be 
reached at which the conductivity began to grow lesa 
again. From this it has been inferred that a perfect 
vacuum would be an absolute bar, and Professor 
Crookes concluded that the conjectured ether muBt 
therefore be "a very tenuous form of matter." 

Mr. Snyder mentions that Professor ThomBon has 
been at pains to shew that all incandescent bodies 
give off " corpuscles," and he continues, " The aun we 
conceive as incandescent la the sun therefore a 
gigantic cathode, negatively charged, sending oflF into 
space in every direction, myriads of millions of 
millions of these little carriers ? So it appears. Some 
of these -would strike the upper regions of the earth's 
atmosphere, and thus come under the influence of the 
earth's magnetism."* 

The late Profesaor Clerk Maxwell, of Cambridge, 
was the first to suggest that what we call "waves" 
of light are not mechanical waves at all, but are 
immensely rapid electric displacements taking place 
in the all-pervading ether of space, accompanied, as 
all electric movements are, by tuagnetic forces in 
directions at right angles to the electric displacements. 
Dr. Silvanus P. Thompson, Principal and Professor of 
Physics in London Technical College, states that this 
theory is now in the main accepted by all the 
younger generation of physicists, and that in his 
opinion, it will be able, with proper modifications and 
developments, to explain the relations between 

* iftm Concepiioni itt Seitnee, p. 162. 
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electricity and the various properties of light. He 
goes on to say that this theory has led himself to 
the conclusion " that the ether, in which light is 
propagatedj and which in all probability ia the 
medium through which also all electric and magnetic 
forces are propagated when they act apparently 'at 
a distance,' ia nothing else than dectricity itself."* 

Clerk Maxwell considered that electricity and Ught 
are, in essence, identical ; and it was afterwards dia- 
covered that light and electricity are both ether 
waves, light being short waves, and electricity long 
ones. In order to support Clerk Maxwell's theory, 
the velocity of propagation of an electro-magnetic dis- 
turbance should equal the velocity of light. Professor 
J. J. Thomson mentions that a large number of ex- 
periments have been made with the view of ascertain- 
ing whether this is really the ease; and he adds* 
" From these experimentaj we conclude that the velocity 
of propagation of an electro-magnetic disturbance is 
equal to the velocity of light, and to the velocity 
required by Maxwell's theory/' f The velocity of 
light, — and therefore the velocity of propagation of 
an electro-magnetic diaturbance, — is nearly 186,000 
miles per second. 

Clerk Maxwell himself, in writing regarding the 
various suppositions as to the ether, mentiona that 
the hypothesis of an ether has been mstintained by 
different speculators for very different reasons; that 

* Sleetrieiti/ and Mttgnettim, by A. GmUemin, edited ty SilvAiiue P. 
Thompson, p. 372, f &«>ff. -Bni., 10th Ed., Vol, 28, p. 60. 
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ethere were invented for the planets to swim in; to 
constitute electric atmospheres and magnetic effluvia; 
to convey aensationa from one part of oar bodies to 
another, and bo on, till all space had been filled three 
or four times over with ethera. He continues, "The 
only ether which has survived, is that which waa 
invented by Huygena to explain the propagation o£ 
light. The evidence for the existence of the lumini- 
ferous ether has accumulated as additional phenomena 
of light and other radiations have been discovered, 
and the properties of this medium, as deduced from 
the phenomena of light, have been found to be 
precisely those required to explain electro-magnetic 
phenomena," * 

There is thus the support of scientific opinion for 
believing that the space through which the earth 
moves in its orbital and diurnal revolutions ia pervaded 
by a very tenuous medium of an electrical nature, 
and that currents or displacements of this medium 
are impelled with estreme rapidity from the very 
active centre of our system towards and upon the 
earth, and that these dash against the surface of the 
earth, or at least the enveloping atmosphere, and 
thus come under the influence of the earth's movementa. 

* Eiwf/. Brk., lOtb Ed., Vol, S, p. £69, 
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2%e paHM of tA« earth affected hy the lola^'declrie wivet.—'The diurnal 
rotation and the ekctric vmvei the dirtet caute of the eartk't mag- 
netitm. — Tht tarth an dectro-magnet, 

Wk have now seen that there is reason to believe that 
electric waves, or electric diaplacements in the sur- 
rounding ether, are occasioned by the activity of the 
sun, and impelled towards the earth with inconceiv- 
able rapidity. Let us now assume this to be the case 
and consider how these waves are likely to come in 
contact with the earth, and what portiona would be 
moat exposed to their influence. If we accept the cor- 
puscular theory of electricity, we can imagine the 
impact of these electrical streams as resembling a rain 
of minute particles, each particle being so small that 
ft thousand of them would go to make up the smallest 
atom knowti to scientists. Whether this is so or not 
it is unnecessary for us to decide. We have merely 
to accept the hypothesis that, through the influenee 
of the sun, certain electrical currents are set in motion 
and are impelled towards the earth and come in con- 
tact with it. 

It is evident that only the half of the earth turned 
towards the sun will be actually exposed to th« direct 
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force of these cutrenta. The remaining half will be 
sheltered, except in so far a$ the part of the earth 
tamed towards the direction of orbital progress cornea 
in contact with the currents. This part of the earth 
will, we may sappose, cut through the currents at the 
speed of orbital progression, which ia on the average 
about 18J miles a second. Apparently the portion o£ 
the earth's surface, where it is mid-day, will be the 
portion most strongly exposed to these currents, as 
that portion, is, so to speak, in the direct line of fire. 
Probably, therefore, the electric "waves" will come in 
contact most strongly with each geographical meridian 
in turn about noon. Taking the meridian marking 
raid-day m the central line, we may suppose that dur- 
ing the sis hours from 9 a,ra. to 3 p,ra., we pass through 
the period of greatest exposure to the electrical currents. 
The portion of the earth's surface, comprised between 
the meridian marking 9 a.m. and the meridian mark- 
ing 3 p.m., is one-fourth. We have on one side of 
this space the district in which it is early morning, 
say between the meridians marking 6 a.m. and 9 a.m., 
and here, while the direct force of the currents will 
be less, as they must strike the earth at a greater 
angle than they strike the mid-day portion, the ex- 
posure to the currents is increased by both the orbital 
progression and the diurnal movement. On the other 
side we have the district in which it is early evening, 
between the meridians marking 3 p.m. and 6 p.m., 
where the reverse will be the case, the force of the 
currents being weakened, not only by the angle 
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of impact, but by both tbe orbital and diurnal 
motions. 

While the stretch of the earth's aurface most exposed 
to the direct force of these currenta must be on, and 
in the neighbourhood of, the meridian marking mid- 
day, the boundary lines of the exposure wiU not be 
the equi-distant meridiana marking 6 a,m, and 6 p.m., 
as the tilt of the earth's axis to the plane of its orbit 
— the obliquity of the ecliptic^ — will prevent this. The 
boundary lines of the direct impact of the currents 
will be the lines marking sunrise and sunset in the 
varying degrees of latitude. Similarly the direct force 
of the currents will not extend through the whole 
length of the meridian facing the sun at mid-day. The 
portion within the Arctic and Antarctic circles will, 
in the winters of these districts respectively, be sheltered 
from the exposure, and a corresponding portion of the 
opposite meridian will be included. Longitudinallyj 
therefore, the direct impact of these currents will ex- 
tend from a point on the Arctic circle in the north, to 
a diametrically opposite point on the Antarctic circle 
in the south. These two points may, in fact, be de- 
scribed as the "orbital poles," as they are the poles 
or apices of the eartli as viewed from the plane of 
the orbit. These points will, of course, in the diurnal 
rotation, be caused to pass over every portion of the 
Arctic and Antarctic circles respectively, so that every 
portion of these cii'cles will, once in every rotation, 
become what we have described as an orbital pole. 

As we have spoken of orbital poles, we may also 
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imagme a belt Burrounding the earth on the plane of 

the orbitj and this belt will bear the same relation to 
the orbital poles as the geographical equator doea 
to the geographical poles. As any point on the Arctic 
and Antarctic circles is about 23 J degrees distant from 
the corresponding geographical pole, so the "orbital 
equator," while it must of course intersect the geo- 
graphical equator at two opposite points, will at the 
intermediate points, be, in one case, about 23J degrees 
north, and, in the other case, about 23 J^ degrees south, 
of the geographical equator. It is evident that each 
point on this orbital equator will in its turn, at mid- 
day, be the place most directly exposed to the electric 
currents referred to, as being the central portion of the 
longitudinal stretch of the earth so exposed. Owing 
to the changing position of the earth in its orbit, and 
the practically unvarying obliquity of the ecliptic, the 
portion of the orbital equator so exposed will vary in 
relation to the geographical equator each succeeding 
day. Thia ia of course the cause of the varying 
seasons. At the equinoxes, the point on the orbital 
equator which faces the sun at noon is one of the 
points intersected by the geographical equator, while 
at our midsummer it ia a point about 23J° north, and 
at our midwinter a point about 23^ degrees south, of 
the geographical equator. 

Let us now suppose that these electric currents 
come in contact with the earth, and its surrounding 
atmosphere in the way suggested. Then, as the earth 
rotates eastward, each portion of the earth in its turn 
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is brought under their influence. An electric sheet ia 
thiia wound around the earth from apex to apex in 
the course of the diurnal rotation. The direction of 
the apparent motion o£ thia electrical sheet will be 
westwards on the earth's surface, this aiising entirely 
from, the diurnal movement being eastwards. The 
sheet may be compared to a great series of electric 
wirea wound around the earth from eaat to west. 

It is suggested that thia would furnish a simple 
explanation of the magnetization of the earth. 
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Ma^etieatiou of & steel nee^A by rt^ht -handed and left-btuided 
Bpiral eoUs, 

In M. Guillemin's elaborate work on "Electricity 
and Magnetism," to which reference has already been 
made, it is stated that "the terrestrial globe is in- 
cessantly traversed by a multitude of electric currents 
generated by the chemical or other actions which 
take place within ita mass. All these eurrentSt with 
directions and strengths probably differing amongst 
one another and varying in amount and direction, 
produce on magnets the same effect ixs a single 
resultant cit/rrent circulating from east to west in a 
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direction contrary to the movement 0/ tJie roiaiion 0/ 
the earth. * 

It is suggested that the earth is really an electro-] 
magnet, its magnetization being the result ol thesd 
solar-induced electrical displacements in the ether. 
The mode of magnetization is thus similar to the 
method of magnetising a steel needle by sending an 
electric current through wires twisted around it. 

We shall now turn our attention more particularly 
to the workings of terrestrial magnetism as revealed 
by the movements ol the magnetic ueedle, and see 
whether they can be reconciled with the peculiarities 
connected with the magnetization of the earth in the 
way Buggested, and whether the matters to which 
we have drawn attention in connection with the 
geographical bearings of the electric currents have 
any analagous points in the action of the magnetic 
needle. 

* £leetricit^ and MagnctUm, p. 3&X 
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The Elemeitt$ of Tcrtittritd Magnetitm. — The Diumttl, Scaional, and 
Secvlar Variatiom in Dtoiinattan and Dip, 

Let us examine the bases of terrestrial magnetism in 
their geographical relations. 

An imaginary circle, which is called the magnetic 
equator, surrounds ths earth near the geographical 
equator, but the information regarding it is somewhat 
vague. Its position ia, of course, judged merely from 
the action of the magnetic needle. In the maps re- 
lating to terrestrial magnetism, which have been pre- 
pared from the observations made by the late Sir F. 
Evans of the Royal Navy, the magnetic equator is 
shewn as an irregiilar circle which in two points inter- 
sects the geographical equator. M. GuiUemin, on the 
other hand, distinctly states that the magnetic equator 
cuts the geographical equator in four points,* and he 
specifies the geographical position of two of these, one 
being in the Pacific Ocean, about 179 degrees east 
longitude, and the other being near St. Thomas' Isle 
off the west Coast ol Africa, about 7 degrees or 8 
degrees east longitude. The position of the two inter- 
sections, shewn in the map based on Sir F. Evans' 

• EUctritUp and Magnttitm, p. 82. 
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observations, is about 165 degrees west longitude, and 
about 5 degrees west longitude respectively. These 
positions are thus only aboat from 12 to 16 degreea 
distant from the two points specified by M. GuiUemiD, 
assuming that in both cases the meridian of Greenwich 
is reckoned from. If — as eeems probable — ^M. GuiUe- 
tnia's Btatemeut refers to the distance from the 
meridian of Paris, this would alter his figures by 
about 2^ degrees, so that the point of intersection 
which he describes as being about 179 degrees east, 
in relation to Paris, would, in relation to Greenwich, 
be about 181 ^ degrees east — that is 178^ degrees 
west — being thus about 13 J degrees distant from the 
position shewn in the map referred to. Similarly, 
the point of intersection placed by M. Guillemin at 
7 degrees or 8 degrees east in relation to Paris, 
would be about 9| degrees or 10^ degrees east in 
relation to Greenwich, whereas the map referred to 
gives its position as about 5 degrees west, a difference 
of about 14^ or 15| degrees. This discrepancy is 
not great, and it is very probable that the same points 
of intersection are referred to by both authorities, 
otherwise the difference would probably be much 
greater. The fact that such an authority as M, 
Guillemin distinctly asserts that the magnetic equator 
cuts the geographical equator in four points is dis- 
concerting, seeing that he describes only two of these 
points, and that these points are, there is reason to 
believe, the two points of intersection ehewn in the 
map based on Sir F, Evans' observations. 
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In M. Guilleinin'a volume, a small map ia given in 
which the magnetic equator is shewn, and in it the 
magnetic equator appears to intersect the geographical 
equator in only two points, not four points as stated in 
the text, and the intersectioua appear to agree with 
the position of the two points of intersection, the 
geographical position of which is specified in the 
text, 

The amount of discrepaticy between these eminent 
authorities goes to shew the want of certainty which 
exists as to the exact geographical position of the 
magnetic equator. We may take it that it is known 
that the magnetic equator intersects the geographical 
equator at iwp points, at any rate, which are separated 
from each other by something like 160 degrees or 
170 degrees of longitude, a distance rather less than 
one half of the circumference of the earth. 

It is also known, that in other 'parts the magnetic 
equator is separated from the geographical equator 
by a varying distance, but, in regard to the distance 
of greatest separation, opinion also differs. Some 
authorities consider the extreme distance to be about 
12 degrees, while others, mora recently, give it aa 
being about 15 degrees. Taking the degree of lati- 
tude as represeating about 68 miles, this is a difference 
of about 204 milea. This goes to ehew how difficult 
and uncertain observation in such a matter really ia. 
If this, then, is the case in a portion of the earth bo 
accessible as the equatorial regions, it is easy to con- 
ceive how much greater uncertainty is involved in 
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regard to magnetic observations in the more inaccessible 
regiona. 

The North Magnetic Pole was found by Sir Jamea 
Clark Ross, in 1831, in 70° 5' north, and 96° 43' west ; the 
locality being in Boothia in the estreme north of tho 
Dominion of Canada. The South Magnetic Pole has 
never been actually discoveredj but the same explorer cal- 
culated that its position is in 73° 30' south latitude, and 
147° 30' east longitude. The North Magnetic Pole does 
not appear to have been actually visited by any 
scientist, since ita discovery by Eoss. A Norwegian 
expedition, however, left in 1903, for the express 
purpose of ascertaining its present geograpliical position, 
and the investigations may be continued till 1905. 

In the obeervation of terrestrial magnetism there are 
three elements taken notice of in connection with the 
magnetic needle. The first is the var-kition of the 
needle from the true north. It is noticed whether 
the needle points east or west of the true north, and if 
BO, the extent to which it deviates. The variation of 
the needle from the true north is called the declination, 
or sometimes simply the vuriation. 

The second is the dip of the needle — or, as it is some- 
times called, the inclination — and, as the word " dip " in- 
dicates, it refers to its deviation from the horizontal. 
At the magnetic equator there is no dip, the needle re- 
maining perfectly horizontal, and, as we move towards the 
magnetic poles, the dip becomes apparent, and gradually 
increases, till, at the North Magnetic Pole, the end of the 
needle pointing northwards would dip 90°, that is to say, 
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straight downwards, the same being the case at the 
South Magnetic Pole with the opposite end of the 
needle. From thia fact the magnetic poles are some- 
times referred to as "the polea of vertieity," 

The remaining element, taken notice of in the 
observation of terrestrial magnetism, is the inten- 
sity or force of the magnetism, as shewn by the 
vibrations of the needle when diverted from its true 
direction. 

We shall now consider the three elementa, and more 
particularly those of declination and dip. 

As regards declination, — it is found that there are 
daily variations, variations according to the seasons, 
and variations extending through long and uncertain 
periods. M. GuillemiD quotes the following description 
of the needle's daily movements, "In the lower latitudes 
of the Northern Hemisphere the needle points nearest 
to the true north at a quarter past eight in the 
rooming. From a quarter past eight in the morning 
to a quarter to two in the afternoon the needle moves 
from east to west, when it reaches its most westerly 
position. This movement to the west occurs all over 
the Northern Hemisphere whether the declination is 
westerly or easterly. From a quarter to two, when 
at its most westerly position, the needle retraces it^ 
steps towards the east during the evening and part 
of the night, until midnight or one o'clock in the 
morning. It often, however, makes a slight pause 
about six o'clock in the evening. During the night 
the needle again turns to the west very slightly, but 
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is at its moat eaaterly position at a quarter past eight 
in the morning." • 

Aa geographically the source of the needle's attrac- 
tion is at present, in telation to Britain, west of the 
true north, and the declination of the neeiile westerly, 
the needle in this country points nearest to the true 
north at the time o£ the day when the westerly 
variation is smallest, which is, according to this 
authority, about 8.16 a.m- It will be noticed that 
according to the description quoted, the daily varia- 
tion in declination corresponds with the time in the 
varying degrees of longitude. At Paris, the variation 
is most easterly when it is in Paris a quarter past 
eight in the morning, which ia not the time at which 
it is a quarter past eight in the morning in London; 
while in London, the variation is most easterly at 
8.15 a.m. in London, which is slightly later than the 
actual occurrence of the moat easterly variation in 
Paris. 

In regard to the seasons; — M, Guillemin says that 
"compariison of the monthly means has shewn in 
the northern stations that the needle moves to the 
west (that is to say the prevailing movement ia 
westerly) from May to September; while it moves 
back from September to May; this ia the inverse of 
what occurs in the Southern Hemisphere," f At 
Greenwich, the diurnal movement of the needle is 
about 12 minutes of the arc of the circle in summer, 
and only about 7 minutes in winter. 

* Meetrieiti/ siid Magnetism, p. 70. t Do., p. 74. 
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Ab regards the secular, or long-period variations, 
the needle in London, in the year 1580, pointed 11 
degrees 17 minutea east of the true north. The 
variation from the true north slowly decreased till 
16S7, when the needle pointed to the true north. 
The variation then became westerly, till, in 1818, the 
needle pointed 24 degrees 38 minutea 25 seconds west 
of the true north. Ever since then, the westerly 
variation has been slowly diminishing, and it ia now 
(1904) a little over 16 degrees. 

The inclination or dip of the needle is also subject 
to long-period, seasonal, and daily %'ariations. In 
Paris in 1671, the dip of the needle is said to have 
been 76 degrees. In 1754, it was 72 degrees 15 
minutes, and since then it has continuously diminished, 
the dip in 1879 — being the last date mentioned in 
M. Guillemin's work — having been 65 degrees 33 
minutes. In LondoUj or Kew, the dip is said to have 
been 74 degrees 42 minutes in 1723, which is the 
greatest dip recorded in England. Since then, it has 
very slowly and continuously diminished, having been 
only 67 degrees 3'4 minutes in 1902. 

The intensity of the magnetic force may be said 
roughly to inereaae with the latitude, the minimum 
intensity being, it is stated, in the proximity of the 
equator, and the ma^mum in the proximity of the 
poles. 

M. Guillemin asks the question whether the intensity 
of the magnetic force also varies from time to time. 
He considers that this is a very delicate question, and 
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one difficult to solve by observing the oscillations of 
a magnet, as no magnet will keep its strength unaltered 
for any length of time. He proceeds, — "Poiason de- 
Bcribed a method, which was afterwards perfected by 
Gauss, by means of which the absolute magnetic force 
can be measured without taking into account the 
strength of the magnets employed; the result of hia 
ohaervationa, made at G5ttingen, was negative. On 
the other hand Hanateen found both daily and monthly 
variations of the intensity, or at least of its horizontal 
component, which seem to be in agreement with the 
variations of dip, iThis result, however, does not prove 
any real change in the total absolute intensity. Lastly, 
the observations made at Kew and Greenwich have 
demonstrated the existence of a secular variation of 
this element."* It is now recognised that, like the 
declination and dip, the intensities of the horizontal 
and vertical forces also shew daily and secular changes. 
Of late years the horizontal force in Great Britain has 
been increasing every year by about one part in 600. 

In the Appendisf there will be found a table giving 
the recorded variations in declination and dip in London 
and Paris for a long series of years, collected from vari- 
ous publications. There are many blanks in the series, 
but, from the dates for which the information is given, 
an approximation of the figures for the years omitted 
can be arrived at, so that it is possible approximately 
to base comparisons on the returns for these two places. 

It may be mentioned, however, that even the average 

* Mtctriciti/ and MagnHitin, p. ?S. t See Appendix; No. I, 
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results are sometimea affected by the wide fluctuations 
occasioned by soagnetic storms, and it is not improb- 
able tbat the general progressive movement in declina- 
tion and dip may oecasionally appear in this way to 
be broken. Thia might be illustrated by the violent 
magnetic storm which occurred on 31st October 1903 
in the course o£ which the range of the compass needle 
at Kew was about 21 degrees. Several times during 
the day the needle moved over a degree in the course 
of a few minutes. But, of course, such wide fluctua- 
tions as these are now disregarded in tables illustra- 
tive of the mean movement. 

M. Guillemin mentions in his treatise that the extent 
of the daily variation in dechnation depends on the 
latitude. In high latitudes it is as great as 15 minutes, 
whilst near the magnetic equator it is only 3 minutes 
or 4 minutes. In Great Britain, and also in Faria, it 
is on the average about 10 minutes, but the range of 
the daily motion is considerably greater at midsumtner 
than it is at midwinter. These variations occur in the 
Southern Hemisphere just as in the Northern Hemi- 
sphere, but the movements are reversed. When the 
end of the needle indicating the north moves westerly 
in the Northern Hemisphere, it ia the end of the needle 
indicating the south which moves westerly in the 
Southern Hemisphere, and the like is the case for the 
other movements 




CHAPTER V. 

Eimitariiie* of the '^Ofhilal Equator'' and the Magnftic Eq^uitor, anr{ of 
the "Orbiiai Poln" and the Maffnetio Potei. — A dUtinetion ittvaen 
the " Orbital PdUt " and the Magnetic PoU$,—An Explanation of the 
ditiinelion. 

We have now seen that the magnetic equator like 
the orbital equator is known to intersect the geo- 
graphical equator in two points. According to one 
authority, indeed, it intersects the geographical equator 
in four points. We need not contradict this statement 
which does not at present concern us. As to whether 
Uie magnetic equator does or does not intersect the 
geographical equator in more than two points, opinion 
may differ, but all authorities are agreed that it, at 
any rate, does interaect the geographical equator in 
two points. In this important respect, therefore, 
there can be no doubt as to tho similiarity of the 
magnetic equator and the orbital equator. Both are 
belts around the earth in the neighbourhood of the 
geographical equator, and both intersect the geographical 
equator in two points. Both also are in other parts 
separated from the geographical equator by a varying 
distance. The extreme distance of separation in the 
case of the orbital equator will, as we have seen, 

bo about 23^ degrees. As to the estreme distance 
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of separation in the case of the magnetic equator, 
opinion differs, some authorities, as already mentioned, 
considering it to be about 12 degrees, while other, 
and more recent, authorities give the distance as 15 
degrees. Thus the orbital and magnetic equators re- 
semble each other in respect that each is situated in 
the equatorial regions ; each doubly intersects the geo- 
graphical equator; and each is in other parts at a 
varying distance from it. If the magnetic equator 
intersects the geographical equator in more than two 
points, this would constitute a difference between it 
and the orbital equator, and if the extreme distance 
of separation between the magnetic equator and the 
geographical equator is 16 degrees, this also would 
constitute a difference between the magnetic equator 
and the orbital equator. As to both these matters, 
however, authorities differ, while in regard to the 
points of resemblance there is no difference of opinion. 
We have found that the orbital poles are situated 
geographically at a distance of about 23J degrees 
from the poles of the earth's axis, their position being 
therefore in, or in the neighbourhood of, latitude 66° 
33', and we have seen that the North Magnetic Pole 
was found by Sir James Clark Rosa in 1S31, at 
latitude 70° 6' north, a latitudinal distance of only 
3° 32' from the conjectured position in latitude of the 
North Orbital Pole. The South Magnetic Pole has 
not yet been actually found,* and its position is thus 

* The iwaitioa of thli pole vitl doabtless be mon accimtely determined, fiam ^biei' 
tatloiu m&dt bf the Dititttr]/ ID 1908. 8*e note &t end of ChAp. XVIL 
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merely a matter of calculatioa Ita supposed latitude 
is 73* 30" south, s, distance of about 7 degrees from 
the conjectured latitude of the South Orbital Pole. 

These resemblancea between the orbital and mag- 
netic equators and poleSj are fiufBciently striking to 
suggest to any inquiring mind that there may be a 
natural relation between them j that the magnetic equa- 
tor probably has some natural relation to the orbital 
equator, and that the magnetic polea probably have some 
natural relation to the points which form the apices 
of the earth, as viewed from the plane of the orbit, 

If we now in this connection think over the theory 
we have ventured to auggest as explanatory of the 
existence of terrestrial magnetism, we shall find that 
the theory seems at first to point towards there being 
not only a close relation between the orbital and mag- 
netic equators, and between the orbital and magnetic 
poles, but even towards identity. It seema to indicate 
that the orbital equator must really be the magnetic 
equator, that the orbital polea must really be the 
magnetic poles. For, if the earth is magnetised by 
the impact of a stream of electrical waves originated 
by the aun, aa we have supposed, — a stream which, in 
relation to the earth, will resemble a sheet of electrical 
influence stretching from apex to apex of the earth 
on the side turned towards the sun, — is it not to be 
expected, from what occurs in ordinary magnetization, 
that the magnetic equator will be formed at, or nearly 
at, the centre of this stream ? Is it not to be expected 
that the magnetic poles will be formed at the apices ? 



26 



TERRESTRIAL MAGNETISM. 



straight downwards, the same being the case at the 
South Magoetic Pole with the opposite end of the 
needle. From thia fact the magnetic polea are Bome- 
times referred to aa "the poles of verticity." 

The remaining element, taken notice of in the 
observation of terrestrial magnetism, is the inten- 
siiy or force of the magnetism, as shewn by the 
vibrations of the needle when diverted from its true 
direction. 

We fihall now consider the three elements, and mora 
particularly those of declination and dip. 

Aa regards declination, — it is found that there are 
daily variations, variations according to the seasons, 
and variations extending through long and uncertain 
periods. M. Guillemin quotes the following description 
of the needle's daily movements. "In the lower latitudes 
of the Northern Hemisphere the needle points nearest 
to the true north at a quarter past eight in the 
morning. From a quarter past eight in the morning 
to a quarter to two in the afternoon the needle moves 
from east to west, when it reaches its most westerly 
position. This movement to the west occurs all over 
the Northern Hemisphere whether the declination ia 
westerly or easterly. From a quarter to two, when 
at its moat westerly position, the needle retraces itrf 
steps towards the east during the evening and part 
of the night, until midnight or one o'clock in the 
morning. It often, however, makes a shght pause 
about six o'clock in the evening. During the night 
the needle again turns to the west very slightly, but 
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is at its most easterly position at a quarter past eight 
in the morning." * 

As geographically the source of the needle's attrac- 
tion is at present, in relation to Britain, west of the 
true north, and the declination of the needle westerly, 
the needle in this country points nearest to the true 
north at the time of the day when the westerly 
variation is smallest, which is, according to this 
authority, about 8.15 a.m. It will be noticed that 
according to the description quoted, the daily varia- 
tion in declination corresponds with the time in the 
varying degrees of longitude. At Paris, the variation 
is most easterly when it is in Paris a quarter past 
eight in the morning, which is not the time at which 
it is a quarter past eight in the morning in London; 
while in London, the variation is most easterly at 
8.15 a.ni. in I/indon, which is slightly later than the 
actual occurrence of the most easterly variation in 
Paris, 

In regard to the seasons; — M, GuiUemin says that 
"comparison of the monthly means has shewn iu 
the northern stations that the needle moves to the 
west (that is to say the prevailing movement is 
westerly) from May to September; while it moves 
back from September to May; this is the inverse of 
what occurs in the Southern Hemisphere." f At 
Greenwich, the diurnal movement of the needle is 
about 12 minutes of the arc of the circle in summer, 
and only about 7 minutes in winter. 

' EUotrieity and Magnetixm, p. 7y, t Do., p. 74. 
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Aa regards the Becular, or long-period variationsj 
the needle in London, in the year 1580, pointed 11 
degrees 17 minutes east of the true north. The 
variation from the true north slowly decreased till 
1657, when the needle pointed to the true north. 
The variation then became westerly, till, in 1818, the 
needle pointed 24 degrees 38 minutea 25 seconds west 
of the true north. Ever since then, the westerly 
variation has been slowly diminishing, and it is now 
(1904) a little over 16 degrees. 

The inclination or dip of the needle is also subject 
to long-period, aeasonalj and daily variations. In 
Paris in 1671, the dip of the needle is said to have 
been 75 degrees. In 1754, it wag 72 degrees 15 
minutes, and since then it has continuously diminished, 
the dip in 1879 — being the last date mentioned in 
M. Guillemin's work — having been 65 degrees 33 
minutes. In London, or Kew, the dip is said to have 
been 74 degrees 42 minutes in 1723, which is the 
greatest dip recorded in England. Since then, it has 
very slowly and continuously diminished, having been 
only 67 degrees 3'4 minutes in 1902. 

The intensity of the magnetic force may be said 
roughly to increase with the latitude, the minimum 
intensity being, it is stated, in the proximity of the 
equator, and the maximum in the proximity of the 
poles. 

M. Guillemin asks the question whether the intensity 
of the magnetic force also varies from time to time. 
He considers that this is a very delicate question, and 
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J^^( peetdaritiei in the oonjeetured vnethod of the Earth't tnagnetuiUion 
compared with the petultarititt in the reiulting moffnetiimf at shown 
fcy tke daily mMtrsienU of the magnttie needle— The daUy changes of the 
fnagnftie ntedU in dedinaticn and dip, of Eew~~Compariton of the 
chortle* in deelintUi&n irv different latitudes — An explanation of the 
diffsTtnce in tke daib/ vwvimentt of the maffnetie neeiUe in different 
loealUiet. 

We have noticed in a former chapter the peculiarities 
which exist, through the conjectured method of the 
earth's magnet izatioQ, in regard to the geographical 
impact of the supposed electric currents. We shall 
now enquire whether, as we should expect to be the 
case if the theory propounded haa any foundation in 
fact, any anakgoua peculiarities are revealed in the 
earth's magnetism by the actions of the magnetic needle. 
We have seen that each meridian is in turn 
brought daily under the influence of these currents, 
excepting only the portion within the Arctic and 
Antarctic circles in the winters of these regions re- 
apectiv^ely. As the excepted portion is not of apecial 
importance in connection with our present enquiry, 
w© may leave it out of account. Thus we may 
regard each meridian aa in turn coming under the 
influence of the electrical waves which flow from the 
sun. The influence of these will therefore gradually 
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one difficult to aolve by observing the oscillationa of 
a magnet, as no magnet will keep its strength unaltered 
for any length of time. He proceedH, — "Poisson de- 
scribed a method, which wa8 afterwards perfected by 
Gauss, by means of which the absolute maguetic force 
can be measured without taking into account the 
strength of the magneta employed j the result of his 
obaervationSj made at Gottingen, was negative. On 
the other hand Hansteen found both daily and monthly 
variations of the intensity, or at least of its horizontal 
component, which seem to be in agreement with the 
variations of dip. /This result, however, does not prove 
any real change in the total absolute intensity. Lastly, 
the observations made at Kew and Greenwich have 
demonstrated the existence of a secular variation of 
this element."* It is now recognised that, like the 
declination and dip, the intensities of the horizontal 
and vertical forces also shew daily and secular changes. 
Of late years the horizontal force in Great Britain has 
been increasing every year by about one part in 600, 

In the Appendix f there will be found a table giving 
the recorded variations in declination and dip in London 
and Paris for a long series of years, collected from vari- 
ous publications. There are many blanks in the series, 
but, from the dates for which the information is given, 
an approximation of the figures for the years omitted 
can be arrived at, so that it is possible approximately 
to base comparisons on the returns for these two places. 

It may be mentioned, however, that even the average 
• SUctridty UTid Mag-aetwit, p. 76. t See Appendii ; No. I. 
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results are sometimes affected by the wide flitctuationa 
occasioned by magnetic storms, and it is not improb- 
able that the general progi'essive movement in declina- 
tion and dip may occasionally appear in this way to 
be broken. This might be illuistrated by the violent 
magnetic atorm which occurred on 31st October 1903 
in the course o£ which the range o£ the compass needle 
at Kew was about 21 degrees. Several times during 
the day the needle moved over a degree in the course 
of a few minutes, But, of course, such wide fluctua- 
tions as these are now disregarded in tables illustra- 
tive of the meaa movement. 

M. Guillemin mentions in his treatise that the extent 
of the daily variation in declination depends on the 
latitude. In high latitudes it is as great as 15 minutes, 
whilst near the magnetic equator it is only 3 minutes 
or 4 minutes. In Great Britahi, and also in Paris, it 
is on the average about 10 minutes, but the range of 
the daily motion is considerably greater at midsummer 
than it is at midwinter. These variations occur in the 
Southern Hemisphere just as in the Northern Hemi- 
sphere, but the movements are reversed. When the 
end of the needle indicating the north moves westerly 
in the Northern Hemisphere, it is the end of the needle 
indicating the south which moves westerly in the 
Southern Hemisphere, and the like is the case for the 
other movements 
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BtmSaritict of tJte " Orliitd Eqitalor'' and ihe Mdffnttie Fqnator, a>td of 
ihe " Orbital Polet " aiui the Magnttio Pd.tt.—A diMin^tian httviten 
Ihe " Orbital Poles" wnd the Metgnetit Polet, — An Explanation of ihe 

dittinction. 

We have now seen that the magaetic equator like 
the orbital equator ia known to intersect the geo- 
graphical equator in two points. According to one 
anthority, indeed, it intersects the geographical equator 
in four points. We need not contradict this statement 
which does not at present concern us. Aa to whether 
the magnetic equator does or does not intersect the 
geographical equator in more than two points, opinion 
raay differ, but all authotities are agreed that it, at 
any rate, does intersect the geographical equator in 
two points. In thia important respect, therefore, 
there can be no doubt as to the aimiliarity of the 
magnetic equator and the orbital equator. Both are 
belta around the earth in the neighbourhood of the 
geographical equator, and both intersect the geographical 
equator in two points. Both also are in other parts 
separated from the geographical equator by a varying 
distance. The extreme distance of separation in the 
case of the orbital equator will, as we have seen, 

be about 23 i degrees. As to the extreme distance 
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of separation in the case o£ the magnetie equator, 
opinion ditFers, some authorities, as already mentionedj 
considering it to be about 12 degrees, while other, 
and more recent, authorities give the distance as 15 
degrees. Thus the orbital and magnetic equators re- 
semble each other in respeet that each ia situated in 
the equatorial regions ; each doubly interaeeta the geo- 
graphieal equator; and each is in other parts at a 
varying distance from it. If the magnetic equator 
interaects the geographical equator in more than two 
points, this would constitute a difference between it 
and the orbital equator, and if the extreme distance 
of separation between the magnetic equator and the 
geographical equator is 15 degreesj this also would 
constitute a difference between the magnetic equator 
and the orbital equator. Aa to both these matters, 
however, authorities differ, while in regard to the 
points of resemblance there is no difference of opinion. 
We have found that the orbital poles are situated 
geographically at a diatance of about 23^ degrees 
from the poles of the earth's axis, their position being 
therefore in, or in the neighbourhood of, latitude 66' 
33', and we have seen that the North Magnetic Pole 
was found by Sir James Clark Rosa in 1831, at 
latitude 70" 5' northj a latitudinal distance of only 
3' 32' from the conjectured position in latitude of the 
North Orbital Pole. The South Magnetic Pole has 
not yet been actually found,* and its position is thus 

* Ttlg poiit!oii of ttii* poIs will doiilitlas b« mora iicaiir&telf detennlned, front obisr- 
fatloDi mmde bj th« DiKovtry m lOOA, Sm not« Kt tud vt Cbsp. XVI I. 



THE "ORBITAL" AND MAGNETIC POLES. 33 



merely a matter of calculation. Its supposed l&titude 
18 73° 3(y south, a distance of about 7 degrees from 
the conjectured latitude of the South Orbital Pole. 

These resemblances between the orbital and mag- 
netic equators and poles, are suiEciently striking to 
suggest to any inquiring mind that there may be a 
natural relation between them ; that the magnetic equa- 
tor probably has some natural relation to the orbital 
equator, and that the magnetic poles probably have some 
natural relation to the points which form the apices 
of the earth, as viewed from the plane of the orbit. 

If we now in this connection think over the theory 
we have ventured to suggest as explanatory of the 
existence of terrestrial magnetism, we shall 6nd that 
the theory seems at first to point towards there being 
not only a close relation between the orbital and mag- 
netic equators, and between the orbital and magnetic 
poles, but even towards identity. It seems to indicate 
that the orbital equator must really be the magnetic 
equator, that the orbital poles must really be the 
magnetic poles. For, if the earth is magnetised by 
the impact of a stream of electrical waves originated 
by the sun, as we havo supposed, — a stream which, in 
relation to the earth, will resemble a sheet of electrical 
influence stretching from apes to apex of the earth 
on the side turned towards the aun, — is it not to be 
ex.pected, from what occurs in ordinary magnetization, 
that the magnetic equator will be formed at, or nearly 
at, the centre of this stream ? Is it not to be expected 
that the magnetic poles will be formed at the apices ? 
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Btraight downwards, the eame being the case at the 
South Magnetic Pole with the opposite end of the 
needle. From this fact the magnetic poles are Bome- 
timea referred to as "the poles of verticity." 

The remaining element, taken notice of in the 
observation of terrestrial magnetism^ is the inten- 
sity or force of the magnetism, aa shewn by the 
vibrations of the needle when diverted from ita true 
direction. 

We shall now consider the three elements, and more 
particularly those of declination and dip. 

Aa regards declination, — it is found that there are 
daily variations, variations according to the seaaona, 
and variationa extending through long and uncertain 
periods. M. Guillemin quotes the following description 
of the needle's daily movements. " In the lower latitudes 
of the Northern Hemisphere the needle points nearest 
to the true north at a quarter past eight in the 
morning. From a quarter past eight in the morning 
to a quarter to two in the afternoon the needle moves 
from east to weat, when it reaches ita moat westerly 
position. This movement to the west occurs all over 
the Northern Hemisphere whether the declination ia 
westerly or easterly. From a quarter to two, when 
at its mcst westerly position, the needle retraces it^ 
stepa towards the eaat during the evening and part 
of the night, until midnight or one o'clock in the 
morning. It often, however, makes a slight pause 
about six o'clock in the evening. During the night 
the needle again turns to the west very slightly, but 
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k at its most easterly position at a quarter past eigbt 
Id the morning." * 

Afl geographically the aoiirce of the needle's attrac- 
tion ia at present, in relation to Britain, west of the 
true north, and the declination of the needle westerly, 
the needle in this country points nearest to the true 
north at the time of the day when the westerly 
variation ia smallest, which is, according to this 
authority, about 8.15 a.ni. It will be noticed that 
according to the deaeription quoted, the daily varia- 
tion in declination corriSBponda with the time in the 
varying degrees of longitude. At PariSj the variation 
is most easterly when it is in Paris a quarter past 
eight in the morning, which is not the time at which 
it is a quarter past eight in the morning in London; 
while in London, the variation is most easterly at 
8.15 a,m. in London, which is slightly later than the 
actual occurrence of the most easterly variation in 
Paris. 

In regard to the seasons; — M. Guillemin says that 
"comparison of the monthly means has shewn in 
the northern stations that the needle moves to the 
west (that is to say the prevailing movement is 
westerly) from May to September; while it movea 
back from September to May; this is the inverse of 
what occurs in the Southern Hemisphere." f At 
Greenwich, the diurnal movement of the needle is 
about 12 minutes of the arc of the circle in summer, 
and only about T minutes in winter. 

* Meeirieitif and MagneHimf p. TO. t Do., p. 74. 
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Am regards the secular, or long-period variations, 
the needle in London, in the year 1580, pointed 11 
degrees 17 minutes east of the true north. The 
variation from the true north slowly decreased till 
1657, when the needle pointed to the true north. 
The variation then became westerly, till, in 1818, the 
needle pointed 24 degrees 38 minutes 26 seconds west 
of the true north. Ever since then, the westerly 
variation has been slowly diminishing, and it is now 
(1904) a little over 16 degrees. 

The inclination or dip of the needle is also subject 
to long-period, seasonal, and daily variations. In 
Paris in X671, the dip of the needle is said to have 
been 75 degrees. In 1754, it was 72 degrees 16 
minutes, and since then it has continuously diminished, 
the dip in 1879 — being the last date mentioned in 
M. Guillemin's work — having been 65 degrees 33 
minutes. In London, or Kew, the dip is said to have 
been 74 degrees 42 minutes in 1723, which is the 
greatest dip recorded in England. Since then, it has 
very slowly and continuously diminished, having been 
only 67 degrees 3'4 minutes in 1902. 

The intensity of the magnetic force may be said 
roughly to increase with the latitude, the minimum 
intensity being, it is stated, in the proximity of the 
equator, and the maximum in the proximity of the 
poles. 

M, Guillemin asks the question whether the intensity 
of the magnetic force also varies from time to time. 
He considers that this is a very delicate question, and 
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pole from the place of observation. Indeed, this 
appears necessarily to follow from the fact that at the 
magnetic equator there is no dip, and that the dip 
gradually increases as we move from the magnetic 
equator towards the magnetic pole, as in the case of & 
needle suspended above a magnetic bar. 

One difficulty arises in connection with the Table 
of hourly variations in declination. The speed of the 
earth in its diurnal rotation does not vary during 
tfae different hours of the day. Now we have supposed 
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DIP OF THE NEBDLB OM A MAONITIC BAB. 

t Magnetic " equator," uo dip : bjb' ; c,c', dtp incFeasiiig m poles of 
magnet are approached : p,p' magnatio polea, 90° dip. 

the daily rotatory displacement of the magnetic 
pole to be caused by the earth's rotation. If this is 
so, then the circular progress of the pole should be 
constant during each hour of the day. But this does 
not appear to be in accordance with the Tables of 
hourly variation. Then again, if the needle at Kew 
is tracing the movement of the pole during the large 
changes in variation occurring in the early hours of 
the afternoon, and thxis revealing a great movement 
of the pole during these hours, such movement must 
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one difficult to solve by obeerviDg the oscillations of 

& magnet, as no magnet will keep its strength unaltered 
for any length of time. He proceeds,— " Poissou de- 
eeribed a method, which waa afterwards perfected by 
GausSj by means of which the absolute magnetic force 
can be measured without taking into account the 
etrength of the magnets employed; the result of his 
observations, made at Gottingen, was negative. On 
the other hand Hanateen found both daily and monthly 
variations of the intensity, or at least of its horizontal 
component, which seem to be in agreement with the 
■variations of dip. iTliis result, however, does not prove 
any real change in the total absolute intensity. Lastly, 
the observations made at Kew and Greenwich have 
demonstrated the existence of a secular variation of 
this element."* It is now recognised that, like the 
declination and dip, the intensities of the horizontal 
and vertical forces also shew daily and secular changes. 
Of late years the horizontal force in Great Britain has 
been increasing every year by about one part in 600, 

In the Appendisf there will be found a table giving 
the recorded variations in declination and dip in London 
and Paris for a long aeries of years, collected from vari- 
ous publications. There are many blanks in the series, 
but, from the dates for which the information is given, 
an approximation of the figures for the years omitted 
can be arrived at, so that it is possible approximately 
to base comparisons on the returns for these two places. 

It may be mentioned, however, that even the average 

• SUetrivUs onrf Jfa^neivjui, p. 79. + 3e6 Appendbt ; No. I, 
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results are sometimes affected by the wide fluctuations 
occasioned by magnetic atorma, and it is not improb- 
able that tbe general progressive movement in declina- 
tion and dip may occasionally appear in this way to 
be broken. This might be illustrated by the violent 
magnetic storm which occurred on 31st October 1903 
in the course of which the range of the compass needle 
at Kew was about 2 J degrees. Several times during 
the day the needle moved over a degree in the course 
of a few minutes. But, of course, such wide fluctua- 
tions as these are now disregarded in tables illustra- 
tive of the mean movement, 

M. Guillemin mentions in his treatise that the extent 
o£ the daily variation in declination depends on tbe 
latitude. In high latitudes it is as great as 15 minutes, 
whilst near the magnetic equator it is only 3 minutes 
or 4 minutes. In Great Britain, and also in Paris, it 
is on the average about 10 minutes, but the range of 
the daily motion is considerably greater at midsummer 
than it ia at midwinter. These variations occur in the 
Southern Hemisphere just as in the Northern Hemi- 
sphere, but the movements are reversed. When the 
end of the needle indicating the north moves westerly 
in the Northern Hemisphere, it is the end of the needle 
indicating the south which moves westerly in the 
Southern Hemisphere, and the like is the case for the 
other movements 



CHAPTER V. 



Simitarititt of the " OrlitaZ Equator" and Ihf M(i'j/nH!( E<}uator, and of 
the " OrHtal Poles " and the Magnttic Petit. — A di^it^hn httvxen 
the " Orbital PoleM " and the Magnetic Polet, — An EsepCanation of the 
dittincti&n. 

We have now Been that the magnetic equator like 
the orbital equator ia known to intersect the geo- 
graphical equator in two points. According to one 
authority, indeed, it intersects the geographical equator 
in four points. We need not contradict tliia statement 
which does not at present concern us. As to whether 
the magnetic equator does or does not intersect the 
geographical equator in more than two poiuta, opinion 
may differ, but all authorities are agreed that it, at 
any rate, does intersect the geographical equator in 
two points. In this important respect, therefore, 
there can be no doubt as to the similiarity of the 
magnetic equator and the orbital equator. Both are 
belts around the earth in the neighbourhood of the 
geographical equator, and both intersect the geographical 
equator in two points. Both also are in other parta 
separated from the geographical equator by & varying 
distance. The extreme distance of separation in the 
case of the orbital equator will, as we have seen, 

be about 231 degrees. As to the extreme distance 

31 
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as the rotation coatiniies, we again come under the 
direct influence of the solar waves, and in due time 
the needle once again^ as the source of ita attraction 
iSj 80 to spealc, drawn above the horizon, resumes ita 
daily westward course. 

It haia been suggested above that the movement of the 
magnetic pole geographically may be merely a swinging 
movement of slight extent. With reference to the sun — 
the suggested source of the earth's magnetism — the 
magnetic poles do undoubtedly execute a swinging 
movement. The North Magnetic Pole, for instance, is 
nearly 1400 miles from the Geographical Pole, hence ita 
daily circuit roTind that pole is a circle having a 
diameter of about 2800 miles. In the time, however, 
occupied by the pole in travelling over the circuniferencs 
of this circle, the earth has moved about 1,600,000 miles 
forward in its orbit, and as the combined result of the 
two motions, the North Magnetic Pole traces out a 
wavy course with reference to the sun, receding from 
the sua from noon (at the longitude of the magnetic 
pole) tiU midnight, and approaching it from midnight 
till noon. But being only in the ratio of about 2800 to 
1,600,000, or l-570th, this motion of recession and 
approach is, in comparison with the daily forward 
movement, of small extent. 

We shall, later on (Chap. XV. and XVZ), consider 
more particularly the conjectured daily movement 
of the North Magnetic Pole or its centre of primary 
attraction, in connection with the movements of the 
needle at various stations in the Northern Hemisphera 
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CHAPTER VII. 

The Sftmniol Variatuma in DedintUion and Dip contidered in connection 
with the Theory of Tfrrettrial Ma^netitm being induced bff lolar- 
pfitjtetcd Electria CmMrerd*. 

We have already noticed that if the earth's magnetism 
is produced by the projection from the sun of electrical 
displacements in the ether, tho effect on the different 
portions of the earth's surface will vary according to 
the exposure to the eun. As the variation of the 
exposure of the surface to the sun is also the cause 
of the varying aeasons, it follows that the exposure 
of each hemisphere to the electric currents will vary 
according to the seasons. 

The fact that terrestrial magnetism is also, as 
indicated by the actions of the magnetic needle, subject 
to aeaaonal variations, has been previously mentioned. 
We have now to consider these seaaonal variations of 
the magnetic needle more carefully, and to enquire 
whether they are such as might be looked for from 
the seasonal changes of what we have conjectured 
to be the inducing cauae of the earth's magnetism, or 
at least whether they are in conformity with the 
theory submitted. 

It will be seen from the tables given in the pre- 
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cediag chapter that there is a great difference in the 
range of the daily variation of declination between 
the BUmmer months and the winter montha. In the 
months from April to September, it appears that at 
Kew (Latitude 51° 28') the average daily movement 
westward is 33*94! minutes, and the average daily 
movement eastward 3392 minutes, making the total 
average daily movement 67 "86 minutes. In the montha 
from October to March, the corresponding figures are 
22*74 minutes westward, and 22*7 6 minutes eastward, 
making the total daily movement 45 5 minutes, or 
just about two-thirds of the sumnier daily movement. 
At the equatorial station of Trivandrum (Latitude 
8° 22' N.), the seasonal difference is even greater, 
although the movement is complicated by the fact 
that in the summer mouths it is not continuous in 
each direction, there being a westward movement 
from noon till about 4 p.m.; then a slight eastward 
movement for about three hours, the westward move- 
ment recommencing about 7 p.m., and continuing till 
about midnight, when the movement again becomes 
easterly and so continues till about 11 o'clock in the 
forenoon. In the months from October to March, 
the movement is free from this complication, being 
continuously eastward from noon till about 3 a.m., 
and continuously westward for the remainder of the 
twenty-four hours. The total daily eastward move- 
ment in the months from April to September ia 6 
minutes, and the westward movement ia the same, 
making the range of variation 12 minutes. From 
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October to Mareh^ the eastward and westward vari- 
ations are each on the daily average only 362 minutes, 
making the range of variation 7'24 minutesj which 
is conaiderably less than two-thirds of the summer 
range. Trivandmm is to the extreme south of India, 
in about latitude 8° 22' north, and longitude 77 
degrees east. 

As these observationB relate to a station in the 
middle latitude of the Northern Hemisphere, and a 
station in equatorial latitude respectively, we may 
also note the results recorded at a station in the 
middle latitude of the Southern Hemisphere. These 
results are given in the Encyclopsedia Britannica,* 
the station being Hobart, in Tasmania; which ia 
situated in latitude 42° 52' 5' souths and longitude 147° 
27"5' east. The results are as given in the table on the 
next page. 

It is evident at a glance that the greater variation 
takes place in the opposite months from those in 
which it occurs at K.ew and Trivandmm, but as thia 
happens in the Southern Hemisphere, the greater 
variation is still in the summer months. As in Kew, 
we have at Hobart a continuous movement in each, 
direction, there being no intervening displacement in 
the opposite direction, eueh as occurs in the summer 
months at Trivandrum, At Hobart the daily easterly 
variation in the months from April to September ia 
on the average 13-60 minutes, and the weaterly variation 
is the same, making the range of variation 27'20 

• Jth Edition, XVI., p. 168, 
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NEEDLE AT HOBAET AND KEW. 


■ 




1 bg 


AVEMAQE BOUBLY CBANQS. 


H 




AprU to StpUmber. Octobtr to Mareh, Whole Tear. 


^1 




3 "3 


Noiart, A'lar. JIsiiiTt fCmi, ffctarl, Kca. 


■ 


0- 1 


0-35' B. 


616' w. 


2-35' a. 


4-1 2' w. 


1-35' B. 


5-13' w. 




1- 2 


2-15' „ 


742' „ 


4-85' „ 


4-96' „ 


3-50' „ 


619' „ 


^1 




2- 3 


3 '15' „ 


6-94' „ 


5-95' „ 


4-67' ,. 


4-55' „ 


6-81' „ 


^1 




3- i 


3 '30' „ 


5 ■21' „ 


5-50' „ 


3-35' „ 


4-40' „ 


4-28' „ 


^1 




i- 5 


2 '40' „ 


3-25' „ 


4-30' „ 


1-95' „ 


3-35' „ 


2-60' „ 


^1 




5- 6 


l-3(y „ 


1-47' „ 


2-70' „ 


1-06' „ 


300' „ 


1-26' „ 


^1 




6- 7 


0-75' „ 


0'32' „ 


1-55',, 


0-46' „ 


1-15' „ 


0-39' „ 


^1 




7- 8 


20' „ 


0-22' E. 


0-80' „ 


0'2rE. 


0-50' „ 


0-22' E. 


^1 




8- 9 


030' w. 


0-44' „ 


0-30' „ 


0-92' „ 


0-00' „ 


0-68' „ 


^1 




9-10 


0-85' „ 


0-52' „ 


0-25' w. 


1-45' „ 


0-55' w. 


0-99' „ 


^1 




10-n 


M0'„ 


0-70' „ 


0-70' „ 


1-77' „ 


0-90' „ 


1-24' „ 


^1 




11-12 


M5'.. 


0-90' „ 


0-85' „ 


1-84' „ 


l-00'„ 


1-37' „ 


^^ 




12-13 


MO',, 


1-19' „ 


0-80' „ 


1-67' „ 


o-gB- „ 


1-43' „ 


1 




13-14 


0-76' „ 


1-23' „ 


0'75' „ 


1-34' „ 


0-76' „ 


1-29' „ 


^j 




14-15 


0-40' „ 


1-56' „ 


0-70' „ 


1-22' „ 


0-55' „ 


1-39' „ 


^1 




1516 


0-15' „ 


1-93' „ 


0-65' „ 


1-09' „ 


0-40' „ 


1-51' ., 


^1 




16-17 


0-02' „ 


2-58' „ 


0-78' „ 


M7' „ 


0-40' „ 


1-88' „ 


^1 




17-18 


O'lO' „ 


3 60' „ 


1-40' „ 


1-43' „ 


0-75' „ 


2-61' „ 


^1 




18-19 


0-23' „ 


4-59' „ 


2-37' „ 


1-54' „ 


1-30' „ 


3or „ 


^1 




19-20 


0'50' „ 


5-31' „ 


3-80' „ 


1-85' „ 


2-16' „ 


3-58' „ 


^1 




20-21 


1-25' „ 


5-20' „ 


5-25' „ 


2-40' „ 


3-25' „ 


3-80' „ 


^1 




21-22 


210' „ 


3-57' „ 


5-30' „ 


2-32' „ 


3-70' „ 


2-95' „ 


^1 




22-23 


2-20' „ 


0-38' „ 


3-80' „ 


0-54' „ 


3-00' „ 


0-46' „ 


^1 




23- 


\'i(y „ 


3-18' w. 


0-80' „ 


2-18' w. 


M5' ,. 


2-68' w. 


■ 




} 
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minutea. From October to March the easterly varia- 
tion is 2S'30 minutes, and the westerly variation 28-20 
minutes, making the daily range of vaiiation 56*50 
minutes, or more than double what it is from April 
to September. 

In both the Northern and Southern Hemispheres, 
the end of the needle indicating the north is the end 
observed in recording the variation, so that the motion 
of the needle in the Southern Hemisphere is in the 
opposite direction to that in which it moves in the 
Nortberu Hemisphere at the same time. 

Dr. Charles Chree in an article on terrestrial mag- 
netism in the new edition of the Encyclopajdia Britannica 
saya, that "generally speaking there is a distinct 
minimum amplitude iu December in the Northern, 
and in June in the Southern Hemisphere," as ia 
indeed shewn by the tables we have given. 

Unfortunately, similar tables shewing the seasonal 
variations in dip are not available. M. Guillemin, 
however, states that the value of the dip has been 
determined in the middle latitudes of the Northern 
Hemisphere, from a large number of observations, to 
be 15 minutes greater in summer than iu winter.* 

These seasonal changes in the action of the magnetic 
needle are thus exactly similar to the changes in the 
exposure to the electric currents. The greater the 
exposure, the greater is the movement of the needle. 
As the exposure to the electric currents is lessened, 
the activity of the needle decreases. 

• £lttlrkUf/ and Magnetiim, p, 76, 
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May we then assame that this indicates an actual 
difference in the extent of the daily movement of the 
magnetic pole in the summer and winter months re- 
spectively ? Is it possible that the magnetic pole, or the 
centre of primary influence in the magnetic pole, travels 
along the circumference of a larger daily circuit in the 
Bummer months than it [does in the winter months ? 
Supposing this to be so, the daily movement at the 
North and South Magnetic Poles would be of similar 
extent only at the equinoxes, when the espoaure of the 
Northern and Southern Hemispheres to the electric 
influence is equal. During our summer, the movement 
of the North Magnetic Pole would be much larger than 
the movement of the South Magnetic Pole, and the 
converse would be the case in our winter. But if the 
displacement of the pole is a result of the earth's daily 
rotation, it seema improbable that this can be the case. 
The earth's rotatory movement affects the Southern 
Hemisphere just the same in our summer as in our 
winter. Any change in the earth's rotation would of 
course effect both Hemispheres equally. It is difficult, 
therefore, to imagine that the actual displacement of 
the magnetic poles changes materially with the changes 
of season, and to account for the large difference in the 
range of declination, a material change would have to 
be looked for. 

la it not more likely that, with less direct ex- 
posure to the electric influences, the strength of the 
magnetization of the locality is lessened, and that the 
action of the magnetic needle is therefore more sluggish; 
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that althougli the displacement of the magnetic pole ia 
of the same extent, the pole itself, — being for a time 
shielded altogether from the direct influence of the sun — 
is of weaker attraction, and the magnetic needle does 
not, therefore, so readily respond to its inflaenee. 

In summer, in each Hemisphere in turn, owing to the 
more direct exposure to the electrical influence of 
the enn, the magnetization will be more powerful than 
in winter, and the attractive force of the magnetic pole 
stronger, while in winter, in each Hemisphere in turn, 
the opposite will be the case. This furniahea a more 
reasonable esplanation of the difference in the amplitude 
of the daily movement of the magnetic needle in these 
seasons, than to suppose an actual and material difference 
in the extent of the daily displacement of the magnetic 
pole. 

Such an explanation would agree with the theory of 
the earth being an electro-magnet, with the producing 
causes of its magnetization subject to seasonal change. 

It is probable that the seasonal changes are also in- 
fluenced by the varying distance of the earth from the 
aun. In the beginning of January, the earth is at its 
nearest distance to the sun, the distance being then 
about 91,336,000 miles; while, at the beginning of July, 
the distance between the earth and the sim ia greatest' 
being about 94,458,000 miles, a difl'erence of more than 
three millions of miles. Now, the orbital speed of the 
earth varies inversely according to its distance from the 
sun, being greatest when the earth ia nearest to the huDj 
and least when it is farthest away. 
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It would appear to follow, that, in the beginnrng of 
January, the force of impact of the electrical currents, 
projected outwarda from the aun, will he greatest, and, 
in the beginning of July, least. On the other hand, at 
the former season, the earth will pass through the 
currents at a greater speed than at the latter season. 
If, then, the intensity of the earth's magnetism varies 
directly according to the force of these currents, it would 
appear that the magnetic intensity of the earth as a 
whole, must be greatest in the beginning of January, 
and least in the beginning of July, 

In the Northern Hemisphere, however, the nearest 
approach of the earth to the sun occurs during the winter 
season, when that hemisphere is least exposed to the sun; 
so that the greatest force of impact of the currents 
coincides with the time of least superficial exposure to 
them, and thus one set of circumstances may counteract 
the other. In the Southern Hemisphere, the opposite is 
the case, the greatest force of impact occurring at the 
time of greatest exposure to the currents. 

Thus these causes will differently affect the two 
hemispheres, and will probably produce diflereacea in the 
relative magnetic intensity. 

The seasonal changes of intensity in the northern 
and southern hemispheres, will probably afford an ex- 
planation of M. Guillemin's statement that the magnetic 
equator intersects the geographical equator in four points, 
of which he only specifies two. It will be seen by refer- 
ence to the map, that the magnetic equator approaches 
very closely to the geogi'aphical one, between longitudes 



VARIATION IN INTENSITY. 



61 



105° and 135" W,, hence, as the intenisity in each hemis- 
phere waxes and wanes, the magnetic equator will move 
slightly to the north or south, and thus, perhaps, at 
certain seasona of the year, cause the two additional 
intersections. 




The MBgiietic Eqimtor, accondiDg to Evans : alao the position of circles 
90* from the North and South Magnetic Foleg. 



CHAPTER VIII. 

The argument /or the exUtenee of a moff^tetie pole in Northern Aiia at lecU 
at in North Aftterica, 

HiiLET, the distingaished mathematician, who was 
Astronomer Eoyal in the early part of the eighteenth 
century, waa led to conclude, from hia obaervations of 
the declination of the magnetic needle, that the earth is 
distinctly different from ordinary magnets in respect 
that it muat be regarded aa having two magnetic polea 
in the northern hemisphere, and other two in the 
Boutbem hemigphere. The earth he believed had four 
magnetic poles altogether. 

The process of reasoning which led Halley to this 
conclusion ia explained by Dr. Balfour Stewart in hia 
article on Terrestrial Magnetism in the ninth edition 
of the Eneyclopeedia Britannica, He aska ua to 
imagine, 

" That the earth has only a rangle pole or force-focus in the 
northern hemiaphere, and that thia is coincident with its 
geographical pole, then, assuming that tliis pole has a causative 
influence on the needle's deqlination, we should expect all 
needles to point everywhere due north. If, however, this 
pole be not coincident with the nortli pole of the earth, let ua 
draw a meridian circle passing through the magnetic pole and 
complete it round the earth so as to divide the earth into two 
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halves. At all point* in this meridian circle, the needle might 
be expected to point due nortlij while in the one-half of the 
earth so divided it should point to the east, and in the other 
half to the west, of true north, lo the next place let us im- 
agine that the earth has two North Magnetic Poles or foci of- 
equal strength, both being at the same latitude, while their 
difference in longitude is 180 degrees, and let ua draw a com- 
plete circle of meridian passing through these polea. Let ua 
start from a point in this circle under one of these poles, and 
pursue OTir journey eastwards along 
a circle of latitude. At first the 
needle will point due north. As we 
move eastwards the needle will point 
westwards to the pole wo are leaving, 
until we come to a region half-way 
between the two poles, where it will 
be equally Bolicited by each, and will 
therefore again point due north. Let 
uacall the space we have travelled over 
since we set out, A. As we proceed, 
the needle will now be under the predominant influence of the 
second pole, to onr right, and will therefore point to the east, 
uatil we arrive at the meridian under the second pole. This 
second space which we have travelled over, let us call B. As we 
proceed, we pass through a space, C, where the needle again 
points to the west, until, being once more equally influenced 
by the two poles, it will point due north. After this, we past 
through a Bpacc, D., of eaeterly variation, until we arrive once 
more at the point from which we started. Thus there are 
now four spaces instead of two, and these are shown in the 
figure; where the centre of the circle reprcBents the North 
Geographical Pole of the earth, and its circumference the 
equator. If pole 2 be inferior in power to pole 1, the spaces 
B and C will be smaller in size than A and D." 
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Dr. Balfour Stewart states that this arrangement agrees 
very well with the results of observation, it being under- 
stood that the two poles are not precisely 180 degrees 
removed from one another in longitude. He considers 
that the fact that there are two lines of " no variation " 
extending through both hemispheres, and also an oval- 
ahaped district in the Northern Hemisphere, the cir- 
cumference of which has no variation, is inconsistent 
with the hypothesia of a single pole, but quite consistent 
with that of two poles. He assumes that one of these 
poles is in Northern America and the other in Northern 
Asiaj the former being stronger than the latter. In the 
application of his illustration he supposes that we start 
from a point due south of the American pole and travel 
eastward. In space A, we have, through the attraction 
of the American pole, at first an increasing and then 
diminishing westerly variation, till at length we reach 
the line of no variation, when the tendency of the 
American pole to draw the needle to the west is counter- 
balanced by the tendency of the Asiatic pole to draw it 
to the east. We have then, in space B, an easterly 
variation, through the influence of the Asiatic pole, till, 
when we are due south of it, we have again no variation, 
this position being supposed by Dr. Balfour Stewart to 
be the western boundary of the oval. Thereafter, in 
space C, the Asiatic pole pulls the needle to the left, 
and we have westerly variation, until this tendency is 
overcome between spaces C and D, by the tendency of 
the American pole to pull the needle to the right, so that 
there is once again no variation, this position being, he 
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supposes, the eastern boundary of the oval. After thU 
we have, in space D, through the influence of the 
American pole, an easterly variation, until we again 
arrive due south of the pole. 

Dr. Balfour Stewart mentions that this argument haa 
received corroboration from the fact that in the map of 
total force there are two foci of maximum force, one in 
Northern America and the other in Northern Asia, that 
in America being the stronger. 

Of the two poles believed by Halley to exist in the 
Northern Hemisphere, we have hitherto referred only 
to the Araerican Pole, which, for all practical purposes, 
has become known as the North Magnetic Pole. The 
Siberian or Asiatic Pole haa not yet been discovered, and 
its existence is merely a matter of deduction ; in fact, 
the question whether it really exists, and whether there 
are two magnetic poles in the Southern Hemisphere 
also, has popularly come to be ignored, and the pole 
discovered by Ross in the Northern Hemisphere, and the 
pole whose position is estimated in the Southern Hemis- 
phere, have now become known generally as "The 
Magnetic Polea." 

Although the latter are evidently the primary poles 
of magnetic influence, there is yet strong reason to agree 
with the views first promulgated by Halley, that the 
earth's magnetic faystem must be considered aa possessing 
two poles in each hemisphere, and that the action of the 
magnetic needle in the Northern Hemisphere proves the 
existence of a magnetic pole in Northern Asia aa well as 
in North America. 
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Even in an ordinary magnet, more than two poles are 
sometimes found to occur, so that the existence o£ more 
than two poles on the earth, viewed as a magnet, would 
not be surprising. As M. Guillemin says, in reference 
to ordinary bar tnagnets, "Sometimes a magnet has 
more than two poles beside the end poles, the existence 
of which we have just shown. Intermediate points are 
found where filings will stick, and which are also separ- 
ated from each other by neutral lines. These points are 
called covtseqtient poles."* 

In a later part of his work,* Guillemin describee the 
method of magnetising a needle, by placing it inside a 
spiral coil of wire, through which an electric current is 
caused to flow, and be continuea, " By this simple and 
wonderful method of magnetising, you may produce 
intermediate secondary poles at will, on the bars which 
you wish to magnetise; these are called 'consequent 
points,' as we have mentioned in our earlier chapter. 
As Arago was the first to perceive, all that ia necessary 
for producing consequent points is, that after having 
coiled the wire in one direction round the tube for some 
distance, you coil it in the opposite direction. Each of 
the points opposite to the place where the direction of 
coiling is reversed, ought to be a secondary pole." 

If we consider the subject of terrestrial magnetism in 
connection with this statement, we cannot overlook the 
fact that the asial movement of the earth on the side 
turned away from the sun, is — as regards any waves 
or currents projected from the sun to the earth — a 
* Mket/rioUif otwj Magneimn-, page 7, t do. ptge 367, 
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movement reveree in direction to the axial movement of 
the earth on the side turned towards the sun. If the axial 
movement of the earth is considered as viewed from> the 
ettw, and the Northern Hemisphere aeaumed to be upper- 
most, it is evident that, on the side of the earth turned 
towards the aun, the movement is from left to right. A 
place on the earth would come into view on the left 
side, and pass out of view on the right aide. On the 
side of the earth turned away from the sun, the opposite 
must be the case. The movement is from right to left. 
A place passes from view on the right side, and it does 
not come into view till it reaches the left side. 

Thus, in connection with the electrical waves from the 
sun, the axial movement of the side of the earth turned 
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away from tlie sun is the reverse of the axial movement 
of the side facing the sun. Although the former side is 
sheltered from the direct impact of electrical currents, it 
seems not improbable that, if the impact of the currents 
has the effect of magnetising the earth as a whole, this 
reverse movement may have an effect to some extent 
analogous to that stated by Guillemin to result from 
reversing the direction of a spiral coil of wire through 
which an electric current is sent in magnetising a steel 
needle. That ia to say, a not improbable result would 
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be the production of two "consequent points." Such, 
points if produced, might be expected to occur — like the 
primary magnetic poles, and for the same reason — in the 
neighbourhood of the Arctic and Antarctic circles re- 
spectively, and at & distance of about 180 degrees of 
longitude from the primary poles. The exact locality 
would he decided (as Guillemin states la always the case 
in natural magnets) by the internal structure and surface 
irregularities* 

We might suppose that, as in the magnetization of a 
steel bar, any such " consequent points " occurring on the 
earth considered ae a magnet, should attract the opposite 
end of the needle from that attracted by the correspond- 
ing primary pole. If, however, we keep in mind that 
in the magnetization of the earth, according to our 
hypothesis, it is the object magnetised itself and not the 
electric current which rotates, and in which the direction 
of rotation is, so to speak, reversed every 12 hours, we 
must conclude that in the case of the earth this cannot 
be so. During 12 hours of the day the movement of the 
portion of the earth in which any "consequent point" 
may be situated, is from left to right, beneath the con- 
jectured electrical current, and during the succeeding 12 
hours, from right to left, sheltered from the current. If 
the direct impact of the current induces the formation of 
a pole attracting say, the north indicating end of the 
needle, the ensuing reverse movement can only, we should 
suppose, have the effect of weakening the power o£ 
attraction during the brief interval until the direct 
movement recommences. 

* Eleclritiig and Magmlitm, p, 12, 



REVERSE MOVEMENT, 



8d 



We liave suggested that the earth's magnetism is due 
to the earth^s rotation combined with its swift orhital 
movement across the electric waves from the sun. We 
roust not, however, ignore the fact that it is quite 
possible that the earth's magnetism may be due to the 
relatively slower rotatory movement of the earth in 
these electric waves, the earth being, as it were, a huge 
dynamo armature. In this case the reverse movement 
might also be diflferent from what we have suggested 
above, namely, that the one-half of the earth facing the 
direction of its orbital movement is rotating towards 
the sun, while the other half is rotating away from 
the sun. 

We have seen in Chapter III,, that, on one theory of 
the earth's magnetism, electric currents circulate from 
east to west over the whole earth, and the result would 
be that on the one half of the earth these currents 
would move with the solar currents, while in the 
opposite hemisphere they would move against them. 
Assuming that theory to be correct, this might naturally 
be expected to produce some magnetic change, as a 
somewhat analagous set of conditions is set up to that 
whereby absorption lines in star spectra are displaced 
by the star's motion in the line of sight towards 
or away from the earth. This might explain in a 
simple manner the conjectured existence of two simQar 
magnetic poles in each hemisphere. Moreover, as 
mentioned in Chapter VI., the magnetic axis of the earth 
awaya to and fro, towards and away from the eun, thus 
slowly altering the manner in which the earth -currents 
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meet the solar-electric waves, This also might w^ 
have a ehare in the daily raovemeDt of the poles. 

Undouttedlj, the occurrence of more than one 
magnetic pole in each hemisphere must greatly in- 
crease the difficulty of deciding as to the direct cause 
of the changes connected with the varying declination 
and dip of the magnetic needle at different stations ; as 
the direction of the needle must necessarily, in certain 
geographical positions, be decided by the influence of 
more than one magnetic pole. We shall in the following 
chapter consider whether the secular changes in declina- 
tion at different stations in the Northern Hemisphere 
necessarily infer the existence of two magnetic poles in 
that hemisphere. For the Soathem Hemisphere the 
data are altogether too fragmentary at present to enable 
us to draw any conclusion. 

In order to prevent confusion we shall refer to the 
conjectured Asiatic or Siberian Magnetic Pole as the 
Asiatic focus, and to the corresponding magnetic pole 
in the Southern Hemisphere as the Southern focus, and 
shall continue to designate the American Pole as the 
North Magnetic Pole, and the pole whose position was 
estimated by Ross in the Southern Hemisphere as the 
South Magnetic Pole. It is agreed that the latter points 
are really the primary sources of magnetic attraction, 
and, whatever secondary sources may exist, these will 
no doubt continue to be generally known as the 
Magnetic Poles, 



CHAPTER IX. 



Tkt Kcular ehangei in. Hedvnation at certain itatiom m the NorUitm 
ffcutiaphire, and their bearing on the quetiion of the exiittnct of ttw 
Marjnetie PdfS in that Memitpherc, 

Db. G, D. E. Weter, a. German scientist, has been at 
great pains in preparing a series of tables shewing the 
changes in declination for several centuries, observed or 
calculated, for a number of stationa in the Northern 
and Southern Hemispheres, and, by the assistance 
of these tables,* we have complied the following tablef of 
secular changes in declination at varioua stations in the 
Northern Hemisphere, It has to be kept in mind that 
the earlier figures are, in moat cases, merely calculated, 
but they may be accepted as approximately correct. 
We have placed the stations in the order of longitude, 
commencing with the farthest west and proceeding 
eastwards. 

The first matter of notice in this Table is that in a 
large number of stations a time of no variation does not 
occur, — ^th© needle never points to the true north. 
Oat of eight stations in the American Continent this 
is the case in no less than five. In these, the variation 
is continuously westerly. The needle certainly swings 
pendulum-like, to and fro, but ita range is very small 
and does not cover the true north. In Baltimore, 
■ NoTft Acta AcademiBB, Vol. 63. Halle, 18&5. t Sec page* 72 and 73. 
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of these stations also, a time of no variation occura 
periodically. As we move eastwards a difference ia again 
evident. We find that at Tornea, which is nearly aa far 
north a8 the Arctic circle, the declination is always 
westerly, and the range of movement only 10' 33', At 
St, Petersburg, on the other haad, the needle points to 
the true north with exceptional frequency, while the 
range of the declination covers from 1° 50' R, to 8' 21' W,, 
that is, 10° 11'. At Yakutsk, the extreme easterly 
station, which lies at about 62' N. and 130° E., the 
declination is always westerly, varying from 2° 50' to 
10° 35'; while at Irkutsk, which lies about 10° farther 
flouth, and about 25|' farther west, there is a small range 
of 6' 6' varying from S" 22' E. to 2' 44' W. 

If we now take the position at which the magnetic 
pole was found in 1831 (70° 5' N., and 96' 43' W.), we 
find that ita longitudinal separation from Yakutsk was, 
at that date, about 133^°, measuring from Yakutsk in an 
easterly direction; so that if the needle at Yakutsk 
pointed towards that pole it must then have shewn an 
easterly variation. The variation at Yakutsk, however, 
is always quite appreciably westerly. The longitudinal 
Beparation of the pole from Irkutsk in 1831 was 159' 6', 
and, as viewed from Irkutsk, this separation is also in 
an easterly direction. We have seen that the American 
records indicate that the pole never moves quite so far 
east as Baltimore, which is in longitude 76° 37' W. If, 
however, we suppose that that longitude ig the extreme 
of the pold's easterly movement, we get the longitudinal 
Beparation from Irkutsk, when the pole ia in its extreme 
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easterly poaition, as 179° 11', measuring from Irkutsk 
easterly, so that euch trifling variatioDj if any, as might 
then occur, should be easterly. The needle at Irkutsk 
should, therefore, never have a westerly variation, yet it 
has in reality nearly as large a westerly variation (2° 44'). 
as an easterly variation (3° 22'). As Irkutsk ia in fairly 
high northern latitude (52° 17' N.), we can scarcely sup- 
pose that the South Magnetic Pole could account for this. 
At Tobolek, in latitude 58° 12' N. and longitude 68" 16' E.. 
the needle moves fi'om 12° 43' E. to 0° 16' W., a range of 
12* 59'. The longitudinal separation of this sta.tion from 
the position assigned for the North Magnetic Pole in 1831 
13 164° 59' measuring westwards from Tobolsk. The 
needle should therefore, if it is attracted towards that 
Pole, shew an appreciable westerly variation, while the 
extreme westerly variation which occurs there is only 
0° 16' W., and in 1831 there was a large easterly 
variation. 

Can these discrepancies be accounted for by the 
existence of a powerful and permanent source of de- 
flection other than a magnetic pole — ^auch as an extensive 
range of magnetic rock — lying to the west of Yakutsk, 
and to the east of Tobolsk ? 

If this were the explanation, the movements of the 
needle at these Asiatic stations would karTnonise with 
the movements of the pole, aa the source of deflection 
would be fixed and immovable. If a needle is acted 
upon by two magnets one of which is immovable in 
relation to the needle while the poaition of the other 
changes, the needle must necessarily respond to the 
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movemetits of the latter, even although permanently 
deflected by the fixed source of attraction. 

Judging by the American records, the magnetic pole 
between 18S0 and 1900 lay longitudinally between York 
Factory (92° 30' W.) and Baltimore (76' 37' W.), and it 
wa8 moving westward in relation to all the American 
station.?, with the single exception of Cartagena, which, 
as it lies very far south, is no doubt subject to disturbing 
influences on the pait of the South Magnetic Pokj and 
may, therefore, in this matter be disregarded. If then 
at the American stations the needle was drawn westward, 
it would certainly at Irkutsk of all placea — Irkutsk 
being separated from Ealtimor© by almost exactly 180 
degrees of longitude — have been drawn eastward if acted 
upon by the same sourco of attraction. During the 
whole of that period, however, the needle at Irkutsk 
moved westward, the westerly movement during the 
period being 2° 3', the declination changing from 3° 11' 
E. in 1860, tx) r 8' E. in 1900, 

It appears to be impossible to account for the move- 
ments of the needle at these eastern stations other than 
on the supposition that they are influenced by some 
difl'erent source of attraction than the American Magnetic 
Pole, and that this attractive force is itself, like the 
American Pole, of a moving character; and therefore 
that it also can be nothing else than a terrestrial mag- 
netic pole, although of considerably weaker influence 
than the American Pole. There seem to be over- 
whelming difficulties in accounting for the needle's 
movements on any other supposition. 
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If then we conclude that an Asiatic focus conafcituting 
a magnetic pole really exists^ although not yet dia- 
coyered, the nest question we have to consider ia wliat 
is it9 geographical position. As the needle in Yakutak 
points permanently westward, w© must conclude that 
thia pole lies to the west ol longitude 129° 44' E. ; and as 
the needle in Irkutsk swings 3° 22' to the eaat and 2' 44' 
to the west, we may suppose that the central meridian 
intersecting thia pole's longitudinal movement lies 
slightly to the east of Irkutsk. We may therefore 
fluppoae that the position of this pole in longitude, must 
be about 110" E., and it has been estimated (as mentioned 
by Captain Creak, F.E.S., in his presidential address to 
the Geographical Section of the British Association in 
1903)> that the latitude ia about 70' northj being 
practically the latitude assigned by Roes to the North 
Magnetic Pole. This focus is probably situated in the 
North-west of Siberia, and possibly at a considerably 
higher latitude than that estimated. 



CHAPTEK X. 



The nafiirt of the leciilar movement of tlie Norili Magnetie Fok, at indieat^ 
by Oit sceWar elmnife of Ike needl-e in dtdination at luWous tiatiam in 
l^orth America. The period of tM teevlasr moveiaefU of the North 
Ma^ntiio Pole. 

From the table of movements in declination given in 
the preceding chapterj it will be seen that there is ou 
extraordinary difference in the period taken by the 
needld in different localities in moving from one extreme 
of its variation to the opposite extreme and back again, 
At Yakutsk the period ia 150 years, at Tornea 156, at 
Irkutsk 190, at New York and Quebec 240, at Baltimore 
250, and at Fort Prince of Walea, York Factory, Cam- 
bridge (U.S.) and Boston, it is 256 years. These are the 
shorter periods. With the longer periods we have 
Astrakhan 800 years, Cartagena 720, Cape Comorin 630, 
Alexandria 600, London 512, Berlin 500, and Paris 480. 
Thus in the stations specified, there is a difference in 
this respect of no less than 650 years from the minimum 
of 150 at Yakutsk to the maximum of 800 at Alexandria. 
It will be noticed that places near each other differ to a 
comparatively small extent in their period. This shews 
that notwithstanding the great discrepancy, some definite 
causes are at work producing the different resulta. Now, 

if the magnetic poles have a secular movement at all, 
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this movement must be aecotnplished in a certaia definite 
period ; and if these poles produce the movements of the 
needle, how can theae excessive differencea be accounted 
for? 

We can beat get at the actual secular movement of 
the polea by meana of the records for stations in their 
near neighbourhood, Fort Prince of Wales, in lat. 58* 
41' N., and long. 94° 12' W.; and York Factory, in lat. 
57' 0' N., and long. 92' 30' W„ are therefore the best 
stations to give us an indication of the movement of the 
North Magnetic Pole. We may consider these stations 
as practically free from the disturbing influence of the 
other magnetic poles. 

The following statement shews the date of occurrence, 
and the amouDt of the extreme declination at these 
Btations, and alao the dates of occurrence of no variatioUj 
the dates being those specified by Dr. Weyer from 
records and estimates. 

Part PriMt ^ Wala, Tork Foeivff. 

!.,.„„„, 1 11* 19' E., 1539,* 1846. B=i59'E., 1S96» 1852. 

No variation, 1538,* 1341, 1784, 1397.* 1616,' 1647, iSOl, 1903.* 

We may suppose that in 153S the pole was on the 
meridian of Fort Prince of Wales, and that seven years 
later it reached the meridian of York Factory, as at 
these dates "no variation" occurred at these stations 
respectively. In 1589 the pole had reached its estreme 
easterly position in relation to the former station, and 
seven years later it reached its extreme easterly position 

* Wejer'a EBtimat*. 
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in relation to the latter station. We have no particulars 
o£ the dip, but there is no difficulty, so far, in conjecturing 
the movement to be a curve. The next date is 1641, 
when there was again no variation at Fort Prince of 
Wales, and here the difficulty begina. How is it possible 
for the pole, which had moved to the east of York 
FarCtory, to return to the meridian of Fort Prince of 
Wales, which lies to the west of York Factory, without 
first passing over either the meridian of York Factory 
or the opposite meridian. The corresponding date of no 
variation at York Factory is 1647, which is six years 
later than its occurrence at Fort Prince of Wales, and 
yet the pole must undoubtedly have been to the east of 
York Factory in 1596, when the extreme easterly 
variation occurred. How then could it have moved to 
the west without first producing "no variation" at York 
Factory at an earlier date than at the other station. 

This is certainly puzzling on the first glance, and yet 
there seems to be a very simple explanation. 

We have got into the way of thinking of the Magnetic 
Pole as & definite point on the earth's surface, a spot 
which we can stand upon. Rosa has given us the actual 
geographical position of the American Pole, not only to 
degrees, but to minutes, and indeed, some authorities 
specify even the seconds (70° 5' 17" N. Lat„ 96° 43' 48" 
W. Long.). While in a certain sense this is no doubt 
correct, in another sense it seems to be misleading. 
Even in an ordinary bar magnet the poles are of 
appreciable size, and in comparison with the inagnet 
they are o£ considerable size. If, then, the earth is a 
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magnet, what must be the size of its poleB? It can 
scarcely be questioned that they must cover a large 
area. 

On the analogy of a bar magnet let us suppose the 
terrestrial magnetic poles to be elliptical spaces covering 
some degreeg of the earth's surface, and let us, on this 
supposition, see how the movements of the needle at 
Fort Prince of Wales and York Factory can be accounted 
for. 

Let us suppose that the pole rotates on its own axis 
in a direction, as viewed from the south, opposite to the 
motion of the hands of a clock. Let us construct a, 
circle representing this movement, and draw an elliptical 
figure as a diameter across it, representing the area, so 
to speak, of tha magnetic pole. Let us place Fort Prince 
of Wales and York Factory beneath the circle with lines 
from each of them through the circle representing their 
meridians. For the sake of simplicity, and to enable us 
to follow the movements of the extremities, and see how 
the pole would be likely in its changing position to 
influence the needle at the stations under consideration, 
we shall distinguish the two extremities of the figure 
representing the magnetic pole by the letters A and B, 

We find that this exactly accounts for the movements 
of the needle. Thus when either extremity is on the 
meridian of the station, ot both extremities are equi- 
distant from the meridian of the station, there is no 
variation; with the extremities in the intermediate 
positions, the greatest variation occurs. 

This also explains another difficulty. When the polo 



B<ia fBSt im 



>'n' 



7 

B.in /S36 



fffh'nce ef Wafes ~,J 



N Gtog. fhU 



//^ 

jA, & in /SSS i. /SS6 
•|\ ^ -f - f/i ta^S &, 1862 
8. i„ / J45 
A m /Sot 



i-.SS'atfW. 



Ivork 



Factcry 



IHa^gram reprcsentinff hypothetical Becular circuit of the North Mag- 
netic Pole, as indicD-ted by the ReCulol- changea in declinatlOD at Fort 
Prince of Wales (58° 41' S.., 94° 12* W.), and at York Factory (5T° ff N.. 
92° SO" W.). The shaded portion represents the N. Magnetic Pole, and 
the dotted circle the tircuit of ita extremities A and B. 3!be dates for A 
are ineide, and for B ouUiide, the cirolo. 
Fort Frincfl of Wale*.— Total range o( needle, 32° 13', 

Eitrerae B. (11° IS- E.) ... \SS& 1846 

KoVimation ... 1538 .., 1641 ... 1794 ... 1897 ... 

ExtnjmeW. (20'54'W.) 1717 ... ... ... 1973 

MsanMiectton ( 4°47'W.) 1523 1653 ... 1781 1909 ... 

Tori Factory.— Total range of needle, 28° 0', 

EitremeB. ( 9' 0" E.) ... 1590 1852 ... ... 

Sfo Variation ... 1545 ... 1647 ... 1801 ... 1D03 ... 

EitrameW, {10" CW.) ... ... ... 1724 ... IflSO 

MamBlreetltm ( 5° CW.f 15S2 1660 ... 1788 1016 ... 

The toaxitntim yearly change of direction at both station* occurt at the 
time of "meiiQ directicn," and in ^'5' and 21*1' reipectively. 
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was discovered in 1831, the needle at both these stations 
pointed eastwards of north, and yet Ross found the pole 
to the west o£ north in relation to both stations. Fort 
Prince of Wales is in longitude 94" 12' W., and York 
Factory is in longitude 92° Sff W., while the pole waa 
found in longitude 96° 43' west, that is to Bay, somewhat 
farther west of the meridian of Fort Priace of Wales 
than that meridian is west of the meridian of York 
Factory. The point specified by Eoas might well have 
been the centre of the ellipse which we have shewn as 
representing the magnetic pole, and as being in ac- 
cordance 'with the movement of the needle, at these 
atatioDB. 

Thia appears to indicate that the secular movement of 
the magnetic pole is really a revolution on its own asia 
— that the pole is, as it were, pivoted at the centre, and 
revolving on the pivot just exactly as a magnetic needle 
itself does. The nearer ex:tremity has, of course, the 
chief effect on the needle, and thus the secular changes 
are produced. There would thus appear, so far as these 
returns shew, to be little, if any, change of position of 
the central part of the pole. At least, it does not seem 
necessary that there should be any such change to 
explain the secular movement of the needle at these two 
stations. 

Further corroboration of the rotatory nature of 
the polar secular circuit is famished by Weyer'a 
Tables, which show that the mean yearly variation of 
the needle, at the two stations, is greatest about the 
time of "no variation," and least about the time of 
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greatest eaaterly and westerly declination — which 
must necessarily be the case if the motion is 
circular. 

Starting with A and B in their "equidistant" position, 
the needle will be pointing approximately between them. 
But as A — or B, aa the case may be — aweepa onward on 
its circuit, with a motion nearly in the line of the 
magnetic meridianj at first the needle wiU be attracted 
to the quickly approaching extremity, and thus exhibit 
a, yearly variation, large at first, which gradually 
diminishes as the influence of the other extremity 
weakens, and as the one to which it is attracted moves 
forward, so to speak, to meet it. 

Finally, as the extremity approaches to its nearest 
to the needle, its motion becomes more and more at 
right angles to the magnetic meridian, until at last the 
whole annual secular motion is altogether thus at right 
angles, again causing the annual variation to be at a 
maximum. After that the process is reversed. 

From this illustration of the apparent secular move- 
ment of the pole, it would appear that it revolves on its 
axis not in the time given by Dr, Weyer as the period 
of the movement of the needle at Fort Prince of Wales 
and York Factory, but in twice that period. Dr. 
Weyer'a estimate of the time of the needle's movement 
is 256 years, and, working on that basis, we find that 
that is the time occupied in the extremities A and B 
changing positions; the actual time of the polar circuit 
being therefore 512 years, which, curiously enough, is 
the time estimated by Dr. Weyer aa that occupied by 
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the complete tnoveroent of the needle at London. And 
the annual wngvXar change is thus about 0'7°. 

As the stations in North America may all he considered 
as dominated by this pole, we may notice how the con- 
jectured secular mo\'emeiit of the pole fits in with the 
movement of the needle at each of the other North 
American Stationa. The farthest west of these stations 
is Baltimore, which is in long. 76° 37' W., and as the 
most easterly position of the needle in that station ia 
0° 21' W., we may conclude that the pole never extends 
quite 80 far east as the meridian of Baltimore ; although 
it is quite posBible that the movement of the needle at 
Baltimore may be otherwise affected. Let us assume 
that the polar movement extends eastwards as far as 
say 78° W. longitude, and see how such a movement as 
we have suggested suits the movement of the needle at 
Baltimore, New York, Quebec, Cambridge, and Boston, 
We shall represent the movement as in the preceding 
diagram, and the results are shown on the opposite page. 

When we keep in mind that the dates of the extremes 
of declination, — and, consequently, the period of the 
pole's revolution, — are only approximately correct, it 
will be seen that the position of the pole at the dates of 
extreme variation answers the requirements with sur- 
prising accuracy. So far, therefore, as the information 
enables us to judge, it would appear that the secular 
movement of the North Magnetic Pole is somewhat such 
as we have described. 

It is evident that the European stations will be 
affected to a varying extent by both the North Magnetic 
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netic Pole, afi indicated by the secular changes iti declinatioit at oertain 
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The shaded area represents the North Magnotic Pole, and the dotted 
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Pole and the Asiatic focus, being sometimes nnder the 
domination of the former, and sometimes of the latter, 
and frequently partly influenced by both. It would, 
therefore, be profitless to consider the secular variations 
at these stations in connection merely with the North 
Magnetic Pole alone. The subject will be considered, 
in a subsequent chapter, after investigating the move- 
ment of the Asiatic focus. 



CHAPTER XI. 

The uewlar period of the Asiatic foeut at indicctttd hs the tccvlar ehxmgi 
of the needie in dedinaiion at a Italian in Siitri<i. 

We have come to the conclusion that although it is not 
yet actually discovered, it seeras necessary to postulate 
a magnetic pole somewhere about longitude 110° E. On 
no other supposition than that there is an Asiatic as 
well as an American magnetic pole, can the movements 
of the needle in the Northern Hemisphere, so far as we 
can judge, be reasonably accounted for. Ab there are no 
particulars of the secular changes in dip for the eastern 
stations available to the writer, he is unable to form any 
satisfactory opinion as to the latitude of this conjectured 
pole* but, aa mentioned in a preceding chapter, it has 
been estimated that its latitude is about TO" north. We 
can form some idea aa to the period occupied by this 
pole in its secular revolution in the same manner as we 
have done in the case of the North Magnetic Pole, 
although the data available are, of course, much weaker. 
It seems likely that the magnetic needle at Yakutsk, 
Irkutsk, and Tobolak, are mainly dominated by this pole. 
As regards Yakutsk and Irkutsk, there seems to be no 
doubt that they are mainly influenced by the Asiatic 
focus. As regards Tobolsk, however, the varying 
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declinatioQj and the great difference in tte period be- 
tween the recurrence of the same extreme in declination 
from the correaponding periods at the other two stationa 
seem to shew that the North Magnetic Pole also haa 
considerable effect in deciding the position of the needle, 
although the chief factor certainly appears to be the 
Asiatic focus. The period between the recurrence of 
the same extreme in declination is at Yakutsk, 150 years, 
at Irkutsk, 190 years, while at Tobolsk it is 360 years. 

As Irkutsk is very close to the meridian on which 
we are assuming the Asiatic focus to be, it is best, in 
view of the difference in these periods, to make use of 
it alone in estimating the period of the secular move- 
ment of this pole. The needle ia, at Irkutsk, more 
likely to be entirely influenced by the Asiatic focus 
than at either of the other stations. Let ua, therefore, 
form a circle representing the secular movement of the 
Asiatic focus, and, as before, draw an elliptical figure m 
a diameter across it representing the focus area, and 
see how the pole, or focus, must actually move to account 
for the changes in declination occurring at Irkutsk. Ab 
the extreme westerly variation at Irkutsk (2° 44' W.) is 
aUghtly smaller than the extreme easterly variation 
(3° 22' E.), we shall make the meridian of Irkutsk paaa 
through this circle a little to the westof the central point. 

It would appear from the returns for Irkutsk, — 
assuming that the movcroeat of the magnetic needle 
there is virtually influenced almost exclusively by the 
Asiatic focus, — that the period of the secular movement 
of this pole ia about 380 years, that being the interval 
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between the returns of the same extremity o£ the 

elliptical focus to the same point of the circuit. 

It will be noticed that, as in the case of the North 
Magnetic Pole, the northward movement of the focus 
appears to occur on the eastern side of the circuit, the 
southward movement on the western aide. As the 
North Magnetic Pole and the Asiatic focus are longi- 
tudinally on opposite sides of the earth, this, in a senae, 
results in their movements being reversed* They are, 
aa it were, back to back, and thus, if one were facing 
either pole on its southern side, the northward secular 
movement at that pole would occur on one's right, while 
at the other pole it would be on the left, But, as the 
Bun moves from east to west, we find that the northward 
movement in both cases is on the aide of the circuit first 
receiving the sun, the southward movement on the side 
last turning away from the sun. This is the converse 
of the daily movement, as revealed by the daily change 
of the needle at Kew, aa described in Chapter VI. 

As the Asiatic focus is much weaker in influence than 
the North Magnetic Pole, and as there are no returns 
available in its near neighbourhood (other than those 
for Irkutsk) which can be assumed to be free from the 
disturbing influence of the North Magnetic Pole, it 
would be profitless to endeavour by diagram to trace 
out the influence of this focus at the various stations. 
At Yakutsk and Tobolsk the needle appears to be largely 
dominated by the Asiatic focus, and from this no doubt 
arises the permanent westerly variation at the former 
station, and the excessive easterly variation at the latter, 
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but the needle at these stations is also most likely 
influenced to an appreciable extent by the powerful 
attraction of the North Magnetic Pole, bo that no certain 
conclnsion as to the separate influence of the Asiatic 
focus can be come to. 

We have now seen that there is reason to suppose 
that the North Magnetic Pole in its secular circuit 
occupies about 512 years, and the Asiatic focus about 
380 years. Whether these periods are correct or not, it 
is impossible to say, but there appears, at any rate, to 
be strong reason to suppose that the secular circuit of 
these poles is accomplished in periods differing from 
each other to a very considerable extent From this it 
necessarily follows that these poles will for many 
centuries be in different relations to each other, and, 
therefore, that their influence on the magnetic needle 
in districts affected to some extent by both will be 
continuously of a changing character. Were the period 
of the North Magnetic Pole and the Asiatic focus the 
same, then their varying influence on the needle would 
extend through a similar cycle at the various stationa 
But if the periods are different, the magnetic cycle at 
the separate stations must difler according to the relative 
position of the two sources of attraction, if the needle 
ia to any extent affected by both. This is a matter of 
the utmost importance as explanatory of the vaiying 
periods of the needle's movement, and we shall consider 
it more fuUy in connection with certain of the stations 
at which the needle is manifestly to some extent affected 
by both these poles. 



CHAPTER XIL 

The differenee in (le period of the aeeuiir circuit of tht NeH'h Maijnetie 
Pale, and of tke Asiatic Focv4 rxptnTiaiofy of the varying periodi of 
thi Magnetus eycli at dvfftreni itatioiM, 

We have seen that there is good reason for Bnpposing 
that the North Magoetie Pole and the Asiatic focus 
occupy different periods in their secular oircuitB; that 
the secular circuit of the former is accomplished in 
about 512 years, and of the latter in about 380 years. 
The extent to which this will affect the relative position 
of the poles in their circuit is surprising. Let us 
suppose that at a certain station the needle ia so affected 
by both poles that it will show " no variation " only when 
the American Pole is exactly at, let us say, the point A 
in its circuit, and the Asiatic Pole exactly at the point 
B in its circuitj — that these two things must occur 
Bimultaneoualy to produce "no variation." We may 
consider both poles as influencing the needle equally by 
either extremity, which would, of course, shorten the 
period of each by one-half. Notwithstanding this^ the 
combination of circumstances required to produce "no 
variation " would be repeated only after an interval of 
something like 24,000 years — which ia, curiously enough, 
approximately the period of the circuit of the geo- 
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graphical pole round the pole of the ecliptic. We may 
imagine such a case to be practically impossible. At 
the places where "no variation" occnra, through the com- 
bined influence of these poles, it will happen with the 
magnetic poles not merely at particular points, but in 
relative a/rcs of the circuit, the one pole having a certain 
effect in drawing the needle westward, the other pole a 
corresponding effect in drawing it eastward. 

It is an exceedingly complex matter to judge of the 
relative attractive influence of two magnetic poles of 
the same character on a magnetic needle, one pole being 
stronger than the other. A very slight change of 
position of either pole may produce a considerable 
deflection in the needle. We may, however, endeavour 
to ascertain on the baais of the foregoing arguments 
what were the relative positions of these poka at the 
time of the occurrence of the extremes of variation in 
London, and at the dsAe of no variation. 

The following diagram illastrates this matter, — the 
movement of the poles being represented as brought out 
in the preceding enquiry. It is to be noted that London 
is longitudinally almost midway between the conjectured 
positions of the North Magnetic Pole and the Asiatic 
focus, and that the needle in London may therefore be 
supposed to be influenced by both poles to the extent of 
something like their respective intensities. It may 
further be noted that the preponderance of the westerly 
movement may naturally be accounted for by the greater 
strength of the American Pole, 

It would appear that, in 1560, when the extrema 
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easterly variation occurred, and the influence of the 
Asiatic focus must therefore have predominated, the 
then north extremity of the American Pole pointed 
considerably to the west of the North Geographical 
Pole, and the then north extremity of the Asiatic focua, 
considerably to the east of the game point. In IQB*!, 
when no variation occurred in London, both poles seem 
to have stretched practically north-westward and south- 
eastward; while in ISIS^ when the extreme westerly 
variation occurred in London, the American Pole appears 
to have been not very far from the same position as in 
1560 (when the extreme easterly variation occurred), 
but the Asiatic Pole was not far removed from a dia- 
metrically opposite position. Dr. Weyer haa calculated 
that "no variation" will occur again in London about 
1973, and it would appear, according to our estimate of 
the movements, that, about that time, both poles will 
lie north eastward and south westward, being, to a great 
extent, the converse of their positions at the previous 
occurrence of "no variation " in London. The greatest 
dip (74° 42') ia said to have occurred in London in 1723, 
at which time both poles appear (as we might express 
it) to have pointed towards London. 

It will be seen, from these reckonings of the relative 
position of these poles at different times, how exceedingly 
difficult it is to balance the varying effect of the two 
magnetic poles in their constantly changing relations to 
each other. A certain movement of one pole may 
weaken its power of attraction on the needle at a 
particular station, but a corresponding movement of the 
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other pole may to a great extent counteract this. The 
joint effect may be in the direction of neutralizing each 
other's infiaence, or, of course, on the other hand, the 
effect may be cumulative. 

The likelihood of tnero being in the northern hemi- 
sphere two magnetic polea exercising an attractive 
influence on the same end of the magnetic needle, and 
having different secular periods, is greatly strengthened 
from the fact that the periods of the secular movement 
of the needle are so very different in diverse localities. 
It is diflBcult to imagine any circumstance which would 
so satisfactorily explain the difference in these periods 
as the existence of two poles with different secular 
motions. The wonderfully small discrepancy between 
the periods of the secular movement of the needle at the 
different north American stations is explained by these 
stations being dominated almoat entirely by the North 
Magnetic Pole. On the other side is Irkutsk, with its 
short period, dominated by the Asiatic focus. Between 
these stations lie the vaiioua districts where the needle 
is influenced to a certain extent by both poles. 

We can well suppose that in certain positions this 
double influence may actually have an effect in the 
direction of shortening the period occupied by the needle 
in its swing from side to side aSj for instance, at Tornea 
(lat. 65" 51' N., long. 24° 14' E.), and Yakutsk (lat. 62° 2' 
N., long. 129° 44' E.), the period in the former being 
156 years, and in the latter 150 years. But in most 
stations the effect must necessarily be to extend the 
period of the needle's movement to a much gre^r 
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leogth, tbao the period a>ctually occupied by either pole 
in its secular circuit. Very likely, also, it may follow 
that ensuing periods will not be exactly the same length, 
even in the same station, as the poles will not be in 
exactly the same relation to each other at the succeeding 
extremes of the same variation, or the succeeding 
occurrence of no variation. The great complexity 
connected with the magnetic periods may thua be ex- 
plained in an intelligible manner. 

Owing to the Asiatic focua being much weaker in 
its influence than the North Magnetic Pole, it may 
follow that, even in its own immediate neighbourhood, 
its influence on the needle will not be exclusive of the 
influence of the latter. At the North Magnetic Pole the 
needle dips vertically, and. in fact, that pole is dis- 
tinguished aa the pole of verticity. The Asiatic focus, 
if it influences the direction of the needle, must also 
influence its dip ; but if the needle is, at the same time, 
influenced by the other polo, it is to be expected that 
it will not be able to draw the needle to the vertical 
poaition. Tiie possibility of the Aaiatic focus having no 
exclusive influence, may explain how it has not yet been 
exactly located. It is not improbable tliat the needle 
may not bo drawn directly towards it, either in declina- 
tion or dip, and yet that it may exert a far reaching 
influence. If a magnetic needle is placed between two 
magnets of unequal strength, it is so influenced by both 
that it does not point to either, and even if the more 
powerful magnet is removed to a much greater distance 
than the other, its influence may still prevent the 
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needle from pointing towards the weaker magnet, the 
divergence being of course proportionate to the distance 
and strength of the more powerful magnet. It can 
hardly be doubted that the same rule applies to the 
terresfaial poles of magnetic attraction. 



CHAPTER XIII. 

Thi effect of the uHtymmftTical porition of the North and South Magnetio 
Poltt on the dirtoiive tendency of the magnetw needle. 

We have seen that the evidence afforded by the 
declination returns for many stations in the Northern 
Hemisphere indicates the existence of two North 
Magnetic Poles of unequal atrength, one of which we 
have referred to as the North Magnetic Pole, and the 
other as the Asiatic focus, and that these poles are in all 
probability not exactly 180 degrees of longitude apart/ 
that is to say they are not symmetrically placed in 
relation to each other. 

It appears indeed to be the mle in nature, rather 
than the esceptiouj to ignore what we consider 
symmetry, The most common natural objects are 
tnarked by diversity, and the planets, like the stars, 
differ from one another. The earth itself is not a 
perfect sphere, and its orbit is not a perfect circle. 
This want of symmetry might therefore by analogy be 
reasonably expected. 

If we now torn our attention to the Southern 
Hemisphere, we find that the South Magnetic Pole 
is unsymmetrically placed in relation to the North 
Magnetic Pole. 
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This want of symmetry in the poles of natural 
magneta is referred to by M. Guillemin, who mentions, 
that " in natural magnets the points at which attraction 
takes place, otherwise called poles, are generally 
unsymmetrically placed, and depend entirely on the 
interned structure o£ the magnet, as well as on the 
irregularities of its surface."* The earth, we may 
take it, ia an electro-magnet magnetized by natural 
causes, and there is no doubt whatever that its poles 
are nnsymmetrically placed. There is some alight 
discrepancy in the difTereot authorities as to the 
supposed exact position of the magnetic poles, but the 
want of symmetry in their supposed positions is a 
matter of universal agreement, and the araount of the 
difference of symmetry ia also practically agreed upon. 

Thus, for instance, the position of the magnetic 
poles, according to M, Guillemin and the Encyclopsedia 
firitaonica, respectively, are as follows : — 



Norih Mtgnetie Pole, 
South do. 



GoiLUUfltr.t Evcv. Shit, 

IMiiwit. LtmsUvdx. Latilvdi. Xon^i^udf, 

70* 5' N. Qe'lS'W.t 70' fi'N. 96°43'W. 

76' 6' S, 164° 8'B.t 73*30'S. 147° 30' E. 



Thus the longitudinal distance between the poles, 
according to M. Guillemin, is 109* 7', while, according 
to the EncyclopBBdia Britanniea, it is 115* 47', — a very 
trifling difference in such a matter. 

* Ekctricity and Mtisnetifm, p. X2. + <lo. p, 81. t QiiiUemiii'B fignrea 
for longitude we 69° B' W., bud 151* 48' E., but aa these axe ovidently 
baaed on the meridian of Paris, while those of the EncycIopasiJift Britanniea 
are of ccmrse baaed on the meridian of Greenwich, 2° 20' wett of Faiia, the 
neceiury oon«CtioD hM b««a made to fadMt&te comparuSoQ. 
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Let U3, as we have hitherto done, accept the figures 
o£ the Encyclopaedia Britannica. It ia evident that 
if the South Magnetic Pole were longitudinally Bym- 
metrieal with the North Magnetic Pole, it would be 
placed exactly 180 degrees of longitude distant from 
it, and, as the North Magnetic Pole ia in longitude 
96* 43' west, this would mean that the South Magnetic 
Pole would be in longitude 83* 17' east. If it were so 
placed, then one end of the needle could longitudinally 
point to the North Magnetic Pole, and the other end 
to the South Magnetic Pole at the same time, — that 
is, of course, disregarding the dip. Instead, however 
of beiDg ia longitude 83' 17' cast, the South Magnetic 
Pole ia in longitude 147° 30' east, an escesa — or a 
deficiency, it makes no difference how w© regard it — 
of no less than 64' 13'. 

Now, it ia evident, seeing that the end of the needle 
that points towards the south is attracted towards the 
South Magnetic Pole, or its secondary pole, just as the 
marked end is attracted towards the North Magnetic 
Pole, or the Asiatic focua, that this want of longitudinal 
symmetry in the primary poles must also have an effect 
in deciding the position of the rigid needle. As the 
semi-circumference of the earth is 180 degrees of 
longitude, the farthest east position which it is possible 
to attain in calculating from the longitudinal position of 
the North Magnetic Pole (96' 43' west) is 83' 17' east. 
Therefore, by the amount of the longitudinal difference 
of the position of the South Magnetic Pole from that 
longitude, the south-indicating end of the needle is being 
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attracted in the same direction as the marked end is 
being attracted. The marked end of the needle ia, we 
have anppoaed, being drawn by the North Magnetic 
Pols towards a poaition in latitude 70° 5' north, and 
longitude 96* 43' west. But the South Magnetic Pole ia 
attracting the south-indicating end of the needle towards 
a point in latitude 73| degrees aoutb, on a meridian 
which may be considered as 64° 13' west of the opposite 
meridian. By such power as the South Magnetic 
Pole can exercise, the marked end of the needle must 
therefore necessarily be deflected ; so that in London, 
for inetance, it would not (even apart from the attraction 
of the Asiatic focus) point to the true position of the 
North Magnetic Pole, but to the east of it. Great as 
was the westerly variation in London in 1818, when it 
attained its maximum, 24" 38' 25" W., it was certainly 
not so great as it would have been had the marked end 
of the needle actually pointed to the North Magnetic 
Pole. We can readily by trigonometrical calculation 
find what the angle of variation at London in 1818 
would have been had the needle then actually pointed 
to the latter. Let us form a triangle,* one side of which 
represents a line extending from London to the North 
Geographical Pole, the second side a line from the latter 
to the North Magnetic Pole, and the third aide a line 
from London to the North Magnetic Pole. Taking the 
latitude of London as 51 i degrees north, we get the 
length of the first eide of the triangle as 38J degrees of 
geographical latitude. The length of the second side— 
* See jlppeudix ; No. Q. 



EFFECT OF S. MAGNETIC POLE. 105 



the line from the North Geographical Pole to the North 
Magnetic Pole, — will be 19* 55' of geographical latitude, 
that being the distance of the magnetic pole from the 
geographical pole, and the angle contained between 
these two sides will be 96' 43'. We find that the length 
of the third side, being the distance from London to 
the North Magnetic Pole, is equivalent to 44° 40' of 
geographical latitude, and we get the angle of variation, 
being the angle contained between the two sides of the 
triangle extending from London, as 28° 46', 

The angle of variation at London in 1818 was 
actually 24° 38' 25", and, although the Asiatic focua 
may have had an influence in reducing the anglej it ia 
quite likely, and ia indeed to be expected, that the South 
Magnetic Pole also had an influence in reducing it. 

It will naturally be objected that in a latitude so far 
north as London, the influence of the South Magnetic 
Pole could not have had any disturbing eflfect. Let us 
then calculate — in the same way as we employed to 
ascertain the angle of variation which would have 
occurred had the needle pointed to the North Magnetic 
Pole — what angle would be produced at London if the 
needle were attracted to the South Magnetic Pole, and 
the latter were situated in latitude 73^ degrees south, 
and longitude 64' 13' west, that being the amount by 
which the South Magnetic Pole is unsymmetrically 
placed longitudinally. 

Let us imagine a triangle,* one side of which is a 
straight line from London to the South Geographical 

* See Appcntlii ; Ku. III. 
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Pole, ihe second side a line from the latter to the South 
Magnetic Pole, and the third aide a line from the South 
Magnetic Pole to London. Taking the latitude of 
London as 51| degrees north, the length of the 6rst side 
ia 141 i degrees of latitude. The length of the second 
aide is 16^ degrees of latitude, and the angle contained 
between these sides is Gi" 13'. We find that the length 
of the third side of the triangle, being the distance from 
Ijondon to the South Magnetic Pole, would, in our 
supposititioua case, be equivalent to 132* 19' of geo- 
graphical latitude, and that the angle of variation — 
being the angle between the two sides of the triangle 
meeting at London^Js 20° 14', 

Now we may suppose that at the magnetic equator 
the influence of both poles will be equally felt, so that if 
the particulars were as stated, and London were situated 
at the magnetic equator, this angle of 20° 14' would, 
through the opposing influence of the North Magnetic 
Pole in its unsymmetrical position, be neutralized to the 
extent of one half, resulting in a divergence to the 
extent of 10° T. As London, howaverj is far north of 
the magnetic equator, the influence of the North Mag- 
netic Pole will greatly predominate. If we suppose that 
inid-way between the magnetic equator and the North 
Magnetic Pole, the disturbing influence of the South 
Magnetic Pole would be weakened to the extent of 
about one fourth of its effect at the magnetic equator — 
the force of magnetic attraction varying inversely as 
the square of the distance — then, if London were in 
magnetic latitude 45 degrees north, the disturbing 
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influence would, on the particulars detailed, be aboat 
2° 32'. 

We have found, by the preceding calculation, that 
with the North Magnetic Pole in latitude 70° 5' North, 
and longitude 96° 43' West, its distance from London 
would be equivalent to 44° 40' of geographical latitude- 
If we assume that these degrees are equivalent to degrees 
of magnetic latitude, we can, by subtracting that sura 
from 90 defjrees, fix on the magnetic latitude of London 
in 1818. This would therefore have been 45° 20' N,, 
which ia practically mid-distance from the magnetic 
equator, so that the disturbing effect of the South 
Magnetic Pole would, according to our suppoaitions, 
evidently be about 2° 32'. Thus the South Magnetic 
Pole would appear to have an appreciable influence in 
deciding the position of the needle even in so high a 
northern latitude as that of London. 

There seems to be reason to suppose that the needle 
points straight towards one or other magnetic pole only 
when not affected (1) by both primary and secondary 
poles in the same hemisphere, or (2) by the want of 
longitudinal symmetry in the magnetic poles in the 
different hemispherea, or (3) by local causes. It must. 
follow, seeing that the needle must be affected by one 
or more of these disturbing influences everywhere, 
except in the immediate neighbourhood of the primary 
magnetic poles, that in no spot on the whole surface of 
the earth, excepting in the immediate neighbourhood of 
either primary magnetic pole, or where induced to do so 
by local causes, will the magnetic needle point straight 
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towards either magnetic pole. Doubtless, in the im- 
mediate neighbourhood of either pole, such pole's 
influence will be ao powerful as to be, to all intents, 
absolutely exclusive, and will induce the needle to point 
straight towards it Everywhere else, however, there 
will be a divergence. This source of divergence may, 
however, be practically ignored as regards stations not 
very greatly removed from the primary magnetic poles. 



CHAPTER XIV. 

The tjTeet of tke unt^mmetrieai potUinn of iht magnftU poltt in deciditig 
the poHtioti, of tlte maginctia equator. — Its efftct cm the livxa of 
iBoyn^fic dip, 

Lbt us how consider whether the want of symmetry in 
the position of the magnetic poles will have any effect 
on the position of the magnetic equator. We can after- 
wards consider the Asiatic focos and the corresponding 
focus in the Southern Hemisphere. 

The geographical poles are symmetrically placed, and 
every portion of the geographical equator is consequently 
90 degrees of latitude distant from each of these polea. 
With the magnetic poles unsymmctrically placed, the 
same relation cannot exist between the magnetic polea 
and the magnetic equator. 

Let na first confine our attention to the North Mag- 
netic Pole. This pokj according to Ross, is situated in 
latitude 70° 5' northj and longitude 96" 43' west. Let us 
place the magnetic equator bo that every portion of it 
shall be 90 degrees of latitude distant from that position. 
In longitude 96* 43' W.jthe equator will have to pass 
through a point 19° 55' south of the geographical 
equator, and in longitude 83° 17' E<— one-half of the 
circumference of the earth apart from the former point-^ 
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it will have to paaa through a point 19* 55' north, of 
the geographical equator. These two points will be 
the moBt southerly, and the most northerly touched 
by this equator. A circle around the earth connecting 
these two points, andj of course, twice intersecting the 
geographical equator, would form the magnetic equator 
in relation to the North Magnetic Pole.* 

We now turn to the South Magnetic Pole, which, 
according to the same authority, is eibuated in latitude 
73J degrees south, and longitude I47| degrees east. 
If we place the magnetic equator ao that every portion 
of it shall he 90 degrees of latitude distant from this 
pole, we must make a circle surrounding the earth 
which shall pass through two points in the following 
positions— (1)16° 30' north latitude, and 147° 30' east 
longitude; and (2) 16' 30' south latitude, and 32" 30' 
west longitude. These two positions will be respectively 
the most northerly and the most southerly points 
touched by this equator, and the equator will of course 
intersect the geographical equator in two points, each 
being situated midway between these positions. This 
circle then will form the magnetic equator in relation 
to the South Magnetic Pole.* 

Now, of course, there cannot be two magnetic 
equators on the earth, each twice intersecting the 
geographical equator, and commingying with each 
other in a somewhat complicated manner, such as 
would result by the formation of two independent 
equators in the manner described. It seems likely. 
however, that the actual magnetic equator is simply a 

* See tnapa laciug page 15i. 
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comhination of the two suggested magnetic equators, 
each modified to some extent not only by the influence 
o£ the magnetic pole opposite to the pole of its oiiigin, 
but also by the minor magnetic foci. 

The Asiatic focus and the corresponding Southern 
magnetic focus, being of much weaker attraction than 
the magnetic poles, may not have great influence in 
connection with the magnetic equator. Still it is not 
unlikely that they will have aome influeneej and that 
the equator may thereby be deflected northward or 
southward to some extent, and thus thrown somewhat 
out of the position which it would occupy were its 
position decided merely by the two primary poles. 

As has been pointed out in chapter IV., there is aome 
uncertainty aa to the exact position of the magnetic 
equator, and even as to its intersections of the 
geographical equator. Such an eminent authority as 
M, Guillerain states that it intersects the geographical 
equator in four points, while other authorities are of 
opinion that it intersects it only twice. The esplanation 
here suggested, that the magnetic equator is in reality a 
combination of two equators formed by the opposing 
influence of the two magnetic poles in their un- 
symmetrical positions, as modified by the influence of 
the magnetic focus in Asia and corresponding focus in 
the Southern Hemisphere, would go to show how such 
uncertainty may have arisen. In this way, we could 
readily account for there being, as M, Guillemin asserts, 
no less than four interaectiona of the geographical 
equator. At the same time, owing to the comparative 
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weakness of the magnetism iu each hemisphere during 
its winter season, the intersections, having reference to 
the magnetic pole in such hemisphere, might be over- 
come by the prevailing influence of the magnetic pole in 
the hemisphere more strongly magnetized. Thus it 
might only be when the magnetism of each hemisphere 
was nearly equal, as at the equinoxes, that it might 
occur that the magnetic equator intersected the geo- 
graphical equator in four pointa, so that in the ordinary 
case there would be only two points of intersection. 

We have noticed that the farthest north portion of a 
magnetic equator in relation to the North Magnetic Pole 
alone, would be situated about longitude 83° 17 'E., while 
the farthest north portion of a magnetic equator, in rela- 
tion to the South Magnetic Pole alone, would be situated 
about longitude 147° 30' E, If we take the mean of 
these positions we should get an approximation to the 
longitude of the farthest north portion of the actual 
magnetic equator, which would therefore be about 115° 
23^' E. In the same manner, the farthest south portion 
of the actual magnetic equator should be in the 
neighbourhood of the mean between longitude 96' 
43' W. and 32' 30' W, which is longitude 64° 36i W. 
Judging by the map shewing the position of the 
magnetic equator, prepared from the observations of the 
late Sir F. Evans, the most northerly and the most 
Boutherly portions of the magnetic equator are, in 
reality, not fax removed from these longitudes. These 
poaitions one would expect to be subjact to some 
alteration through the varying influence of the poles in 
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the changing seaaons, as well as through the influence 
of the Asiatic focus, in the Northern Hemisphere, and 
corresponding southern focus. 

The geographical position of the magnetic eqoator 
must also, no doubt, be influenced to a slight extent by 
the diurnal changes in the earth's, magnetism, occasioned 
by the daily rotation. Just aa the magnetic poles, or 
points of primary attraction in these poles, describe a 
small daily circuit, the magnetic equator will probably 
make a corresponding amall northward and southward 
movement, proportionate to the daily circuit of the 
magnetic poles. Such a movement northward and 
southward would, of course, increase the diflSculty of 
accurately fixing the position of the magnetic equator. 

Just as the geographical equator may be described as 
the principal parallel of geographical latitude, so we 
may regard the magnetic equator aa the principal 
" parallel " of magnetic latitude. The remaining curves 
of magnetic latitude will lie on either side of the 
magnetic equator, and occupy the apace between it and 
the respective magnetic poles. We have seen that there 
is reason to suppose that the actual magnetic equator is 
really a modified combination of two magnetic equators, 
one having reference to each magnetic pole, and its 
position being influenced to some extent by the Asiatic 
and Southern foci. "We may, therefore, conjecture that 
the remaining magnetic curves will be a combination 
of the same opposing influences. But aa the influence of 
the Bouthem magnetic pole and focus becomes gradually 
weaker as we pass northward from the magnetic 
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equator, so the influence of the northorn magnetic poTe 
and the Asiatic focus becomes gradually stronger^ and 
the converse mtist be the case in the Southern 
Hemisphere. Thus, in the imraediate neighbourhood of 
each magnetic pole, the curve of magnetic latitude 
would have much more resemblance to a true circle than 
it would have farther awaj. Let us look at the North 
Magnetic Pole alone for a moment. We have seen that 
the magnetic equator relating to it alone would be a 
circle around the earth, every part of which would be 
separated from the magnetic pole by 90 degrees of 
latitude. So the magnetic " parallels " relating to this 
pole alone would be concentric circles around the 
magnetic pole, covering the distance between it and the 
equator. 

If we regard the South ilagnetic Pole alone, exactly 
the same description of the magnetic " parallels " relating 
to that pole^ and the corresponding magnetic equator 
would apply. 

We have seen, however, that the influence of each 
magnetic pole is not annihilated at the magnetic equator. 
We have found that the magnetic equator itself is prob- 
ably the result — as affected to some extent by the 
influence of the Asiatic and Southern foci — of a com- 
bination of the two circles, which we have imagined at a 
distance of 90 degrees of latitude from each magnetic 
pole respectively. Therefore, we may suppose, that the 
curves of magnetic latitude will also be decided by the 
same opposing infl.uences. 

In the Northern Hemisphere, the influence of the 
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North Magnetic Pole predommatea, and ia, in its own 
immediate neighbourhood^ probably practically exclusive 
of the influence o£ both the Asiatic focus and the South 
Magnetic Pole. If this is ao, then the curve indicating 
magnetic latitude 89 degrees north, may be & true circle, 
or nearly ao. As we travel southward from the North 
Magnetic Pole, the influence of the South Magnetic Pole 
in its unaymmetrical position gradually becomes apparent, 
as well aa— at any rate in one direction — the influence 
of the Asiatic focus, and tlie curve of magnetic latitude 
is no longer a circlCj but a combination of the opposing 
influeneea. The likeneas to a circle gradually becomes 
less and less, till at last we reach the magnetic equator, 
where the influence of each pole is equally balanced, and 
the curious combination interaecting the geographical 
equator is the natural result. 

These curves of magnetic latitude, — which cannot 
properly be called " parallels," seeing that they are by 
no means parallel with each other — are the lines indi- 
cating equal magnetic dip. At the magnetic equator, 
where the influence of one magnetic pole is exactly 
balanced by the influence of the other, there ia no dip, 
but as we move away from the magnetic equator north- 
ward or southward, the dip becomes apparent, and 
gradually increases, until at the magnetic poles it 
reaches 90 degrees. 



CHAPTER XV. 

3%e ftouWy ehatiga in dtdinationf at variew ttatiotu in the Nortlkem 
UtTni^heTt eontidettd t'n ionnettitm with tht tuf>pf>tilion of a daSy 
totatory ditplacement of the N^rth Magnetic Pole or itt centrt mf 
pHifiary attr^etion. 

Thb table on page 118 of hourly changes (local time) in 
the declination and dip of the magrietie needle is 
compiled from two tables which appear ia the last 
edition of the Encjclopsedia Britannica, In the changes 
in declination, the plus sign indicates a movement to 
the west, and the minus sign a movement to the east. 
In the changes in inclination, plus indicates an increase^ 
and minus & decrease in the angle of dip. The letter 
" q " above a column signifies that the particulars given 
are the mean of a few specially selected quiet, or normal, 
days in each month ; while the letter " a " similiajly 
signifies that the particulars given are the mean move- 
ment according to the observations of all days, unless, 
indeed, when very exceptional magnetic disturbances 
occur. A second table has been added, containing the 
same figures rearranged — in the case of Jan Mayen 
proportionally modified — to show approximately the 
nature of the movements taking place simultaneov^ly 
at the various stations ; the Kew time can, of course, be 
altered to the cotTesponding time of any other meridian. 
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The local time at the North Magnetic Pole has also been 
added to show its position with reference to the sun. 

Let us now consider to what extent the particulars 
given in the table harmonize with the supposition of a 
daily rotatory displacement of the pole or of the centre 
of primary attraction. We have suggested that the 
moyement of the needle in declination actually signifies 
a corresponding movement of the magnetic pole (or 
centre of primary attraction) in relation to the place of 
observation, and that the movement of the needle in dip 
indicates by an increase in the angle of dip the approach 
of the pole (or centre of primary attraction in the pole} 
somewhat nearer to the place of observation, and by a 
decrease of the angle a corresponding recession. In thia 
enquiry we muist, to begin with, assume that the move- 
ments of the needle at each of the speciSed stations are 
primarily influenced by the North Magnetic Pole. If 
thia is really the case, then, even tbougb, as there 
appears to be reason to suppose, the directive tendency 
of the needle may not, at any of these stations, be 
directly towards the North Magnetic Pole, the move- 
ments of the needle should, at each of them, approxi- 
mately coincide with the movements at that pole. 

To enable us to follow the hypothetical daily move- 
ment, let US take it that the movement is circular, and 
let us represent the circuit by a dial, numbered around 
the margin from 1 to 24, to correspond with the twenty- 
foui' hours of the solar day. Let ua for the sake of 
simplicity, to start with, as we have nothing to go upon 
in fixing the position of the figures on the dial, place 
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the figure 12 nearest to the geograptical North Pole, 
Any necessary correction in the placing of the figurea 
can be carried out after we shall have seen how this 
preliminary arrangement fits in with the actual 
movements of the needle. The figure 24 will therefore 
be at the most southern part of the circuit, from which 
point the numbers will run consecutively, clock-wise 
around the dial. The figure 1 will consequently be 
slightly to the west and north of the figure 24, and the 
figure 13 slightly to the east and south of the figure 12, 
The dial may be imagined as lying on its back on the 
earth, with the figures facing upwards. 
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Let U3 DOW suppose that the hours on the dial 
correspond with Greenwich time. Thus, when the 
magnetic pole, or the centre of primary attraction in the 
pole, is at the most southern part of its daily circuit, 
the time in Greenwich will be 24, that is to aay 12 o'clock 
midnight; and when the raagnetic pole is at the most 
northern part of its daily circuit, the time in Greenwich 
will be 14 o'clock noon. 
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It is necessary to change the local time at each of the 
stations to the equivalent in Greenwich time, so as to 
reduce the observations to one basis. Taking the longi- 
tude of each pla,ce as given in the table, we find that 
when it ia 12 o'clock noon at Greenwich, it is in Jan 
Mayen 11.26 a.m. ; in St, Petersburg 2.2 p.m.; in Kew 
11,59 a.m.; in Paris 12.10 p,m,; and in Tiflia 2.59 p.m. 

Let us first deal with the movements in declination, 
for which purpose we may take the time of the com- 
mencement of the increase in the westerly declination, 
that being one of the moat conspicuous of the daily 
movements. Judging, as nearly as we can from the 
table, the actual time of the commencement of this 
movement, and noting the Greenwich equivalent in 
time, we get the following: — 

MEAN DAILY TIME OF COMMENCEMENT OF INCBEASB 
IN WESTERLY DECUNATION. 

JaitAfayea. Ktv, Farii, Si.P'tVti'g. jytit. 
At estimated tram table \ 
ol dftily movemetiti, in >8.4S ihm. 9.50».in. 9.40 a.m, 10,2fi».m. lO.ISc.ni 
local time, ... ,.,* 

^oSiS^..'.^' *^}B.19&.ia. 9.61a.m. 9.80 *.ni. 8.23 *.m. 7.19 •.m. 

In all cases we have, when available, taken the time 
from the " quiet-day " returns, aa these returns are, of 
courae, the most suitable for furnishing information as 
to the actual normal movement at the pole. For Paris 
and Tiflis this information is not available, and we have 
therefore, been obliged for these stations to take the 
" all-day" returns. In regard to the declination, 
however, there is not, so far as can be judged from the 
figures for the other stations, any great discrepancy 
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between the time of commeucemeDt of the increasmg 
westerly variation in •' quiet-day *' and " all-day " figures. 
We have now to consider what will be the position of 
the magnetic polcj or its centre of primary attraction, 
on the dial which we are supposing to represent its 
daily movement, when it will first begin to move to the 
west in relation to each of these stations, 

let U3 for a moment imagine the magnetic pole to be 
situated geographically on the same meridian aa Kew. 

It is evident that with the 

figures on the dial placed as 
Bpecified — that is with the 
figure 12 nearest to the North 
Geographical Pole, and the 
figure 24 at the most southern 
part of the circuit — the mag- 
netic pole, or its centre of 
primary attraction, would in 
relation to Kew commence to move fco the west as it 
passed over the flgare 18. Similarly with the magnetic 
pole on the meridian 180 degrees away from Kew, the 
movement towards the west would, in relation to Kew, 
commence as the pole, or its centre of primary attraction, 
passed over the figure 6 on the daily circuit. With the 
polo 90 degrees to the west of Kew, the westerly move- 
ment would commence at the figure 12 on the circuit, 
and with the pole 90 degrees to the east of Kew, at the 
figure 24 on the circuit. If this is the case for 
Kew, it must also be the case for each of the other 
stations, whether geographically they are situated 
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north or south of the aa&umed latitude of the magnetic 
pole. 

On this basia we can, as we know the geographical 
position of each of the stationa mentioned, readily 
calculate the position of the magnetic pole, or its centre 
of primary attraction, on the daily circuit, when the 
westerly movement ehould commence. We have merely 
to take the longitude of each station in relation to the 
longitude of the magnetic pole, and divide the space 
between the figures in the daily circuit, in proportion to 
the longitudinal distance of the pole from the observing 
atation. 

The longitude of Jan Mayen is 8* 28' west, and of the 
magnetic pole 96° 43' west. The magnetic pole is thua 
88° 15' west of Jan Mayen; that is 1° 45' leas than 
90 degrcea, It is evident, therefore, that, on the 
suppositions we have made, the westerly movement 
wUl commence with the pole between the figures 18 and 
12. Taking a westerly movement of 90 degrees &s 
representing a change of position, on the dial, of six 
hours, a westerly movement of 8S° 15' will represent a 
change of position of about 6 hours 53 minutes Thus, 
the westerly movement of the needle at Jan Mayen 
should commence when the magnetic pole, or the centre of 
primary attraction, is removed by that distance, on the 
dial, from the figure 18, in the direction of the figure 12. 
This would make the position on the dial 12 hours 
7 minutes, and, aa we are supposing the hours on the 
dial to coincide with Greenwich time, the westerly move- 
ment at Jan Mayen should thua commence about 12.7 p.m. 
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If we work out the time of commencement of the 
westerly movement in the same matiner for each of the 
other BtationSj we find that the position on the dial, 
when this movement commences, will be for each of 
these stations aa follows: — Kew, 11.34; Paris, 11.23; 
St, Petersburg, 9.31; and Tiflis, 8.34; and, as we have 
jnst stated, we are supposing these hours to correspond 
with Greenwich time. 

The following Table shows how this result compares 
with the hours as estimated from the table of diurnal 
movement i — 

ItEAN DAILY TIME OP COMMENCEMENT OF INCREASE 
IN WESTERLY DECLINATION. 

Jaiailagtn. Kta. Parit, St, P't'rii's, Ti/Ut. 

Aa eetimated from table 'j 
of daily raoTement, 'm >8.45a.m, 9.G0».m, 9.40 a. m. 10.&5a.in. lO.lfia.m 
local time, ... .,.) 

Titne found od baeis ofV 

movement of mag- U^j^^ ii.34».m. ll.23s.ni. 9.81 «.m. 8.34 a,in, 
netio pole, or centre I 
of primary attraction, f 

If now we change the position of the dial so that 
instead of the figure 12 we have the figuT'e 10 nearest 
to the Geographical Pole, it is evident that each of the 
times found would be made two hou's earlier, which 
would make the results as follows : — 

/rtflffliijww, fffiff. Parii. St.P'frA'g. TijHt. 

Greenmoh squi-caJent ofV 010 ^ ant ^ ann 000 tie 
BBtiraated time. ... f ''^^ *-^' ^'^^ *■■"" S-SOam. S.23am. 7.18a.m, 

Calculated time, ., . 10.7 a.m. B.34 ft.m. B,23a.m. 7.81 a.m. C.S4 ».m. 

Difierance^ ... ... 4 48 jn. - 17 m. - 7 m. - 62 m. - 42 m. 
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It is rather Interesting to notice that the diflferenee 
between the time of the commencement of the westerly 
movement, as estimated from the table of diurnal 
change, and the time as calculated in this way from the 
conjectured movement of the magnetic pole, or ita centre' 
of primary attraction in no case amounts to as much as 
one hour. For Jan May en, however, the time found is 
considerably later than the time estimated in the table, 
■while for each of the other stations it is earlier. 

The approximation of the times estimated to the 
times calculated is noticeable, and seems to indicate that 
the primary cause of the daily westward movement of 
the needle ig such as we have suggested. Of course, 
however, a disturbing factor, the weight of which we 
cannot accurately reckon, is the Asiatic focua, and the 
varying influence of that focua, according to the position 
of each station, is probably the chief cause of the 
discrepancies between the different stations. It seems 
probable that this is also the explanation of the want of 
confltancy in the daily movement of the needle at soma 
stations in the Northern Eomisphere, such as is shown 
in the table of the hourly movement during the summer 
months at Trivandrom given in Chapter VI. 



CHAPTER XVL 

Tke hdmrlf ekai^ei m Dip ot vwriou* ttaiiont tn tkt NoHhtm Semuphere, 
eantidered in tonneetii>n with the tuppoitiion of a daily rotatory dit- 
plaeement of tht North Magmtie Pott or it* centre of primary 
aUradion. 

We shall now deal with the table of diuraal tnovement, 
given in the pre<;eding chapter, in connection specially 
y-ith the changes in dip, and see whether these changes 
are in agreement with such a daily diaplacement of 
the magnetic pole, or its centre of primary attraction, 
aa we have supposed. 

There is much more difficulty in dealing with the 
daily fluctuation in dip than with the changes in 
declination. Our conjecture is that the dip ia greatest 
when the magnetic pole, or its centre of primary 
attraction, in its daily circuit is actually at its nearest 
distance to the place of observation ; that the dip 
increases with the approach, and decreases with the 
re cession. 

So far as can be estimated froin the table of diurnal 
movement, the time of the greatest dip, and the 
equivalent in Greenwich time, for the various stationis 
with which we are dealing, is as follows: — In every 
case, where possible, the estimate is based on the " quiet- 
day" observations. 

I2e 
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MEAN DAILY TIME OP OCOURREKCE OF GREATEST DIP. 
JanKa^t*. Job. ParU. StPfnt'e. Sl/Ui. 

* di^maS/ "^^ *''* \ ^^-^^ P-"- ^'®° P-""' ^-^^ ?■•"■ ^ P-™- ^° P-™- 
^S fa"me,"'.,.^'^!!^ [l2.4Sp.iii. 2.31 p.m. 6.20p.m. laSSp.m. 7.0p.m. 

Let OB now, in view of the correction made after our 
preceding calculationa in the placing of the figures on 
the dial representing the daily circuit, suppose the daily 
movement of the magnetic pole, or its centre of 
primary attraction, to be represented by a dial with 
the figure 10 nearest to the Geographical Pole, and the 
figure 22 at the most southern part. 

As the geographical latitude of Jan Mayen is higher 
than that of the magnetic pole, it would appear to 
follow that if the latter were on the meridian of Jan 
Mayen, or on the opposite meridian, the nearest part 
of the daily circuit to Jan. Mayen would, in either 
case, be the most northern part of the circuit. If the 
magnetic pole is imagined to be moving westwards from 
Jan Mayen, it is evident that the part of the daily circuit 
nearest to Jan Mayen would move from the figure 
10 towards the larger figures, and similarly if the mag- 
netic pole is imagined as moving westwards from the 
meridian 180 degrees from Jan Mayen, it ia clear that 
the nearest point in the daily circuit would move from 
the figure 10 towards the smaller figures. We are 
supposing the figure 10 to be always the part nearest 
to the North Geographical Pole. 

Let US now endeavour to calculate what the nearest 
pari to Jan Mayen would be with the magnetic pole 



Its 



TERRESTRIAL MAGNETISM. 



do* west of Jan M&yen. We may make a triangle *^ 
of whicb the angles shall stand for Jan Mayen, the 
North Magnetic Pole^ and the North Geographical 
Pole. As Jan Mayen is in latitude 71 degrees north, 
the length of the side extending from thero to the 
North Geographical Pole will be 19 degrees of Geo- 
graphical latitude, and as the magnetic pole is — as 
we have assumed — in latitude 70° 5' north, the side 
extending from the North Geographical Pole to the 
North Magnetic Pole will be 19° 55' of geographical 
latitude. As we are supposing the North Magnetic 
Pole to be 90° west of Jan Mayen, the angle at the 
North Geographical Pole will be a right angle. 

We have to find the angle at the North Magnetic Pole, 
and as the line from the geographical to the magnetic 
pole passes through the figure 10 on the daily circuit, 
this angle will be the amount by which the nearest part 
of the circuit in the position Bpecitied is removed from 
the figure 10, With the magnetic pole 90° west of Jan 
Mayen, this separation from the figure 10 must be in 
the direction of the larger figures^ and as an angular 
separation of 90 degrees would bring us to the figure 
16, a smaller angle will give a proportionately smaller 
separation in the direction of the figure 16. 

We find that the angle is 45° 18', so that the part on 
daily circuit nearest to Jan Mayen, with the magnetic 
pole in the position specified, is separated from 10 by 
about 3h. Im., showing that the nearest part of the 
circuit would be 13h. Im. 

* Sw Appvndiz r Ko. IT. 
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With the roagnetic pole in longitude 96° 43' west, 
and Jan Mayen in longitude 8° 28' west, the pole is 
88° 15' west of Jan Mayen, being 1° 46' less than 90 
degrees. We have now, therefore, simply to take the 
proportion which 88° 15' bears to 90 degrees, assuming 
the latter to represent a movement on the dial of 3h- 
Im., being the space between lOh. and 13hJin. The 
proportion is about 2 hours 57 minutes which, therefore, 
represents the space by which the nearest part of the 
daily circuit, in tho position specified, is separated from 
10 in the direction of the larger figures The part la 
therefore 12h, 57m., which corresponds with 12.57 p.m. 
Our estimate, from the table of diurnal movembnt, of 
the time of the occurrence of the greatest dip in Jan 
Mayen ia 12.49 p.m., so that our calculation of 12.67 
p,m, is almost exactly correct. 

As the other four stations all lie considerably to 
the south of the magnetic pole, one would suppose 
that if the daily movement is circular, the nearest 
part of the dial would entirely depend on the longitude 
of the magnetic pole in relation to the longitude of the 
place of observation, that any part of the circumference of 
the dial might be nearest according as the relative longi- 
tude changes. Thus, with the pole on the same meridian 
as the place of observation, the nearest part will be 22_ 
With it on the opposite meridian, the nearest part 
will be 10. As we move eastward from the pole, 
the nearest part will be removed from 22 up the 
eastern aide of the circuit, and aa we move east- 
ward from the opposite meridian, the nearest part will 
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be removed from 10 down the westeru s^de of the 
drcuit. 

Assaming this to be so, we can now, in the same 
way as we have done in the case of Jan Mayen, 
ealciilate trigonometncany and propoi-tionally, what 
ia the nearest part ol the circuit to St. Petersburg, 
and to Kew, with the magnetic pole ia latitude 70' 5' 
north, and longitude 96* 43' west* We find in this 
way, that, in relation to St. Petersburg, the nearest 
part is 12^0, and in relation to Kew 14.8, corre- 
sponding in Greenwich time to 12.20 p.m,, and 2h, 
8m. p.in. respectively. For these stations, thft times 
estimated from the table of diurnal movement are 
12.68 p.m., and 2.31 p.m. respectively. 

The difference for ■ Kew is thus 23m. and for St. 
Petersburg 3Sm., both calculations being earlier than 
the estimate. 

W© have still to deal with Paria and Tiflis. but in 
neither case, can a proper calculation for comparison 
with the other stations be made. For both Paris and 
Tiflis, the information aa to the daily fluctuation in the 
dip is for the "all-day" mean, and, as has been mentioned, 
it would appear that there ia a greater uncertainty as to 
the relation between the " all-day " and the " quiet-day " 
changes in dip than in declination. We have the 
double return for Jan Mayea and for St. Petersburg. 
In the former, there is a diflerence of fully five hours 
between the time of maximum dip aa shewn in the " all- 
day" returns, and the time shewn in the "quiet-day" 
* Bee Appendix ; No. IV, 
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returns. In St. Petersburg, on the other hand, the 
time in both retuma is very similar, the difference 
being apparently only about half-an-hour. Again, for 
Jan Mayen, the time of maximum dip is later iti the 
"quiet-day" than in tlio "all-day" returns, while the 
reverse is the case in St. Petersburg. 

Now, it 13 to be expected that there is not a very 
great difference between the time of maximum dip in 
Paris and in Kew. All the information available in 
connection with the other movements of the needle 
points in this direction. It is therefore most pvobable 
that if we had a table of the daily movement in dip for 
both places, of the same character — that is to Bay either 
for " quiet days " or " all days " — the movement would 
be found to be not dissimilar. Unfortunately, however, 
the table for Kew is for "quiet days" only, and the 
table for Paris for "all days" only, so that no 
comparison is poasible. This being so, we find that the 
greatest dip ia Paris, on the " all day " mean, occurs 
about 5.20 p.m., while for Kew, on the "quiet day" 
mean, the maximum dip ia about 2.31 p.m., the Paris 
maximum being thus about 2h, 49m. later than the 
maximum at Kew. It can scarcely be doubted that this 
great difference ia occasioned chiefly by the different 
character of the statement. This being so, it Keems to 
be useless to base any calculation on the Paris returns. 
It is, of course, manifest that with the magnetic pole in 
the position specified, and the movement as described, 
the hour of ita nearest approach to Paris would not 
differ to any great extent from the hour of ita nearest 
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approach to Kew. The hour brought out by a eimilar 
calculation ia 2.7 p.m., which is one tninuta earlier than 
the hour brought out for Kew, and is no less than 
3h, 13m, earlier than the time of maximum dip in Farii 
as estimated from the "all-day" table. Owing to the 
uncertainty as to the difference between this table and 
the "quiet day" table, this calculation is of no 
value. 

Thia leavea only Tiflia to be considered, and for this 
Btation also the table applied only to the mean of " ail 
day" obaervationa, so that any calculation as to the 
hour of maximum dip would be of very little value. 
In one important respect, however, Tiflia differs from all 
the other stations, and that is that there only the dip 
Bhows a double maximum. We have a maximum at 
about 7 p.m. in Greenwich time, and an increase in dip 
of less extent which culminates about 7.15 a.m., these 
two maxima being thus separated by about 12 houra. 
It can scarcely be supposed that this double movement 
ia a result of the "all-day" as distinguished from the 
'' quiet day " returns, Tiflia is in longitude 44° 48' east, 
and, no doubt, the Asiatic focus will there have 
considerable effect. It therefore appears likely that the 
double movement must be a result of the needle being 
partly influenced in its daily change by both the North 
Magnetic Pole and the Asiatic focua, 

Leaving Paris and Tiflia out of account in view of 
the uncertainty as to the data, the following ia a 
coipparison between the timea of greatest dip as 
estimated from the table of diurnal movement, and aa 
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calculated from the conjectured daily movemeQi of the 
magnetic pole, or its centre of primary attraction. 

MEAN DAILY TIME OF OCCD'EBEN'CE OF GREATEST DIP. 

Ma Uaym. S. Ftttrilurff, JCine. 

Aa estimated from diurnal table inl ,« jo ^ r^ 10 ka ^ ™ o 91 « — 
Gr.*enwich time. ^12.40 p.m. 12.58 p.m. 2.31p.m. 

Ab caJculatod from th« coniectiirecl\ 

daily movomsct of tha masa^ti. I g 

pole, or its centre of pruaary at- j "^ ^ •^ 

trMtion. / 

Difierance of calculated from Mti- 1 . a „ as ... •>« ™ 

In ovir calculations in connection with both declination 
and dip, the mean error for these three stations is 
comparatively email, and although the information on 
■which the calculations are based is rather limited, and 
the stations are within a somewhat restricted area, the 
results arrived at appear to afford ground for supposing 
thai the magnetic poles, or at least their centres of 
primary attraction, do actually describe a daily circuit, 
and that the needle at these stations is, at present, or 
any rate was, at the date of these records, mainly 
influenced in its daily movemerrt hf the attraction of 
the North Magnetic Pole. 
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CHAPTER XVII 

Tkt Una of " no dcdinaiUm" or tiff&nie lintut. 

It appears to be generally agreed that the power which 
influences the magnetic needle is a power which attracts 
to the magQetic poles — that, in the same way ag 
steel ia attracted hy the poles of an ordinary artificial 
magnet, the magnetic needle is attracted by the poles of 
this great natural magnet — the earth. Now, we know, 
that in regard to the dvp of the needle, the pole has full 
and complete effect only when it is actually reached. 
When we arrive at the magnetic pole — and not till 
then — the dipping needle points straight downwards. 
At the magnetic equator, the dipping needle remains 
perfectly horizontal, as the influence of both magnetic 
poles is equally exerted upon it. As we move north- 
ward, the marked end of the needle dips ; as we move 
southward, the south-indicating end of the needle dips, 
but not until we arrive at the pole itself is the dip 
vertical. There, and only there, is the influence of 
each magnetic pole complete, to the total exclusion of 
disturbing influences. 

Can there be any doubt that, subject to the deflection 
caused by the subordinate poles and by local causes, 
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exactly the same rule applies to the horizontal 
attractivness of the magnetic poles ? As the poles are 
vmsymmetrically placed in longitude, it will be at the 
pole, and only at the pole, that each will have full and 
complete effect. At the magnetic equatoFj the lie of the 
needle will, subject to the varying deflection already 
mentioned, be midway between the magnetic poles. 
The want of symmetry will then be halved, and the 
needle will point an equal distance away from both 
magnetic poles. As we move northward, the marked 
end of the needle will gradually approach the North 
Magnetic Pole; as we move southward, the other end of 
the needle will gradually approach the South Magnetic 
Pole ; till, when we an-ive at each pole respectively, the 
horizontally-balanced needle, having reached the main 
source of ita attraction, will point indifferently in any 
direction. The sole effort of the needle is then to point 
downwards. Now let us take our stand in the 
immediate neighbourhood, and due south, of the North 
Magnetic Pole, It is evident that here the horizontally- 
balanced needle, in pointing to the magnetic pole, will-^ 
in so far as not obstructed by the great angle of dip — - 
also point to the North Geographical pole. It will have 
no variation from the true north. We are at the source 
of an agonic Une, or line of no declination. 

We now move round to the other aide of the North 
Magnetic Pole, and take our stand between it and the 
North Geographical Pole. The North Geographical 
Pole will now be due north of us, and the North 
Magnetic Pole due south. As the marked end of the 
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needle ia attracted to the Korth Magnetic Pole, the 
BOTith-indicating end of the needle will be pointing due 
north. We might say that there is here a variation of 
no lees than 180 degrees, and it is not until we get 
farther away from the magnetic pole than the North 
Geographical Pole is, that the proper position of matters 
is restored, and the marked end of the needle points to 
the north. We should, then, if we continued in 
absolutely the same direction, travel aloag the opposite 
meridian from that on which we started — the meridian 
separated from the first by 180 degrees of longitude. 
We should, however, find by this time that the influence 
of primarily, the Asiatic focus, but also, to some extent, 
of the South Magnetic Pole, had diverted the needle, 
and that we were no longer on a line of no declination. 
The line of no declination would, in fact, be some 
distance in longitude removed fi-om the meridian upon 
which we were journeying. Thus, when we take our 
stand in the immediate neighbourhood of the North 
Magnetic Pole, due north of it — although it ia actually 
the south-indicating end of the needle which is pointing 
due north — we are standing at the commencement of 
another line of no declination. 

It is evident that at the North Magnetic Pole theae 
two positions are the only possible positions of no 
declination. The flrst is due Bouth, and the second due 
north of the magnetic pole. 

If we turn our attention to the South Magnetic Pole 
we shall find an exactly analagous state of matters^ 
Just as at the North Magnetic Pole the positions due 
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south and due north of the pole are the only possible 
positions of no declination, so, at the South Magnetic Pole, 
the only possible positions of no declination are due north 
and due BOuth of the pole ; and in each ease in one of these 
positions, though we are in reality at the begining of a 
line of no declination, we have a variation of 180 degrees 
— these positions being due north of the North Magnetic 
Pole, and due south of the South Magnetic Pole. 

As regards the secondary poles, it is doubtful whether 
their influence is absolutely eaxlusive even in their im- 
mediate neighbourhood. If the dip is not vertical at 
these poles, the directive attraction in their proximity 
may also be ineompletei. In considering the origin of 
the agonic lines we may therefore confine our attention 
to the primary poles. 

The two primary poles thus account for the origin 
of four lines of no declination. Let us endeavour to 
trace out what becomes of these lines, and whether they 
are really distinct in their courses, or whether the two 
lines originated at either pole are in reality absorbed in 
those originated at the other pole. 

Let us start from the south side of the North Mag- 
netic Pole. We are now in latitude 70° 6' north, and 
longitude 96° 43' west. Close to the magnetic pole, and 
due south of it, the direction of the magnetic needle coin- 
cides exactly with the geographical meridian 96° 43' west. 
As we move due south, we at once find an easterly 
variation. The needle no longer points due north. It 
points to the east of north. As this can scarcely be 
occasioned by the influence of the Asiatic focus, from 
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which the distance is increasing aa we proceed aouthward, 
we must seek some other explanation. An explanation 
roay be foiind if we recall the poaitioQ of the South Mag- 
netic pole ; which is 73^° south latitude, and — according 
to Ross's estimate — 147' 30' east longitude. The South 
Magnetic Pole is thus 115* 47' of longitude west of the 
North Magnetic Pole, and 244* 13' east of it, therefore 
its attraction on the south-indicating end of the needle 
is westerly. Thus, as we move due south from the 
North Magnetic Pole, following the meridian 96° 43' W., 
the influence of the South Magnetic Pole gradually drawa 
the south-indicating end of the needle towards the west, 
causing the marked end to be diverted towards the east, 
and thus producing an easterly variation. 

Just as, in the neighbourhood of the Geographical 
Pole, to which the geographical meridians converge, the 
distance between the different meridians is necessarily 
very small, so, in the neighbourhood of the magnetic 
pole, to which the magnetic meridians converge, the 
distance between the different magnetic meridians must 
be very small. It follows that, near the magnetic pole, 
which is the chief source of the needle's attraction, by 
passing easterly or westerly only a moderate distance, 
we shall obtain a comparatively great angle of variation. 
As we move farther south and farther away from the 
North Magnetic Pole, the influence of the South 
Magnetic Pole will be stronger; but, for the reason 
mentioned, the resulting divergence of the needle will 
not be so manifest. 

Let us DOW consider how the action of the South 
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Magnetic Pole, in attracting the south-indicating end of 
the needle to the west, affecta the line of no declination 
which we found in the immediate neighbourhood, and 
due south of, the North Magnetic Pole. 

We have seen that, as we move southward, the marked 
end of the needle is caused to point to the east of the 
North Geographical Pole; and we find that in our 
southward journey we have thus to diverge more and 
more to the eaat to follow the line of " no variation." 

We have seen that at the South Magnetic Pole, as at 
the North Magnetic Pole, there ar^ only two possible 
positions of " no variation." One might naturally think, 
that the agonic line leaving the North Magnetic Pole 
on its southern side would unite with the South Mag- 
netic Pole on its northern side, and that the agonic line 
leaving the South Magnetic Pole on its northern side 
would unite with the North Magnetic Pole on ita 
southern side ; that, in fact, the agonic lines proceeding 
southward from the North Magnetic Pole, and north- 
ward from the South Magnetic Pole, which in their 
origin we have dealt with as two separate and distinct 
lines, will be so influenced mutually by both poles that 
they will constitute in reality one line. The same 
reasoning would apply to the agonic line, leaving each 
magnetic pole on the opposite side, so that the agonic 
lines which in their origin we have dealt with as four 
separate lines, would naturally constitute only two 
lines. 

It ia, however, clear from the Admiralty Chart of 
magnetic variation, that the agonic line originating on 
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the southerD side of the North Magnetic Pole shews no 
tendency, so far as its course has been traced, to unite 
with the agonic line originating on the northern side of 
the South Magnetic Pole. In fact, the authors of the 
Admiralty Chart have been driven to the conclusion 
that this agonic line must unite with the South Magnetic 
Pole, not on the northern side of the pole, but on the 
southern side. In the same way it appears that the 
agonic line which apparently originates on the northern 
side of the South Magnetic Pole, shews no tendencyj so 
far as its course ia traced, to unite with the agonic line 
originating on the southern aide of the North Magnetic 
Pole ; and the supposition of the authors of the Chart 
is that it must really unite with the North Magnetic 
Pole on its noithern side. 

"We are endeavouring to follow the agonic line which 
originates on the south side of the North Magnetic Pole. 
The Admiralty Chart shews what we may assume to 
be this line, proceeding south-eastward through the 
whole of the American continent, and, at the farthest 
south point to which it appears to have been traced, the 
line is found in longitude 33 degrees west This moat 
southerly point of the line so far as apparently traced, 
is in latitude 60 degrees south. Throughout the part 
of its course extending from 30 degrees south latitude 
to 60 degrees south latitude (over every portion of 
which it appears to have been actually traced) this 
agonic line shews a steady progress eastward. The 
progress eastward during this portion of the course of 
the line is about 17 degrees, and up to the most southerly 
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point there is no indication of this eastward tendency 
discontinuing. 

As the South Magnetic Pole ig assumed to be in 
longitude li?" 30' east, the longitudinal position of this 
agonic line at the extreme southerly point to which it 
seema to have been traced — about 33' W. — is practically 
diametrically opposite the meridian upon which the 
South Magnetic Pole is supposed to be. Thiia position 
appears to render it highly improbable that the line can 
unite with the South Magnetic Pole on its northern 
side — more especially as the agonic line northwards 
from that pole is otherwiae accounted for. It ia 
therefore assumed that it must unite with it on itB 
Bouthern side, and to allow of this being the case, it ia 
supposed that the eastward tendency of the agonic line^ 
which has been very evident throughout its whole course 
so far — suddenly ceases when the latitude of 70° S. ia 
reached. Tliis agonic line ia thus shewn as practically 
corresponding with a geographical meridian for the 
remainder of its course, and as passing over the South 
Geographical Pole on to the opposite meridian, and then 
uniting with the South Magnetic Pole on its southern 
side. 

As the agonic line has not been traced in this region, 
there appears to be no reason whatever for this except 
the supposed exigencies of the case. The position of the 
line at the moat southerly point to which it could be 
followed rendered it highly improbable that it could 
unite with the South Magnetic Pole on its northern 
side, and, as there are only two possible positions of 
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union, it seem^ to have been assumed that it must 
therefore unite with it on its southern side. The 
Admiralty Chart, it may be noted here, makes no 
reference to the existence of secondary poles. 

It aeems not improbable, in view of the longitude of 
this line — which we may call the American agonic 
line, — at its southern extremity, so far as definitely 
ascertained^ that it is afterwards deflected by a secondary 
Bouthern magnetic pole, or focus, corresponding with 
the secondary pole or focus which we have seen there is 
reason to suppose exists in the Northern Hemisphere, 
As has been mentioned, the position in longitude of the 
American agonic line at the moat southern point to 
which it has been traced, is practically diametrically 
opposite that of the South Magnetic Pole, and the 
latitude to which this agonic line has been traced is not 
much more than 10 degrees north of the estimated 
latitude of the South Magnetic Pole, and therefore of 
the latitude at which a secondary pole or focus might 
also reasonably be looked for. 

Now the European agonic line, which has been traced 
aa far north as 80' N,, passes far to one side of the 
(supposed) position of the Asiatic focus, and we should 
naturally expect that the American agonic line should 
be found in a corresponding position. The European 
line at 70° N. longitude, ia about 80° west of the Asiatic 
focus, and 123° east of the North Magnetic Pole — a ratio 
of nearly 2 to 3. On a similar proportion, we should 
expect to find the South Magnetic focus somewhere 
about 90* east or west of say, 19° W., that being the 
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supposed longitude of the American agonic line at 70' 
Bouth latitude. Now, as shown in the nent chapter, the 
position of the magnetic equator affords some evidence 
for supposing that the South Magnetic focua ia situated 
at, or in the neighbourhood of 105* W. longitude, which 
would strengthen the suggestion made above that the 
American agonic line is deflected by this focus, if, 
indeed, it does not, — aa appears to be not improbable, — 
actually unite with it. 

It must, however, be admitted that our present 
information regarding the magnetic conditions of these 
desolate and almost unexplored regions ia very limited, 
and thus we can only conjecture as to the actual state 
of matters. Although this ia so, it would nevertheless, 
appear that the known facts harmonize with, and are 
to some extent explained by, the suggestions we have 
made. 

Coming to the agonic lines from the South Magnetic 
Pole, the direct line will leave it on its northern side, 
on the meridian — taking the figures of the Encyclopaedia 
Ei'itannica— 147° 30' E.* and proceed north-westward. 
This line has to extend over only about 13| degrees of 
latitude to reach the latitude to which the American 
agonic line has apparently been traced. In that distance 
it could scarcely pass from 147° 30' E. to 33* W., so that 
it cannot be the termination of the American agonic line. 
It ia, indeed, probably, the commencement of the other 
great line of no declination — ^the European agonic line. 
This agonic line passes southward from Spitzbergen 

" See neit note, p. H4, 
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throogh Europe, Arabia, and Western Australia, and 
hag been actually traced to about 5 degrees north ol the 
South Magnetic Pole. Ita termination in the Northera 
Hemisphere will be treated of in the next chapter. 

It thus appears to be probable that these two lines 
constitute the two great lines of " no variation " extend- 
ing through both hetnispheres. The Admiralty Chart 
appears to give support to such a view. 

It remaina for ns to consider the lines originating on 
the north side of the North Magnetic Pole, and the 
south side of the South Magnetic Pole* — these being 
what may be called the "indirect" agonic lines. 

* Thia line wbe crooted l)y & sledge-party from the Diicovery in 19DS, io 
lobgitude 166' E,, irad latitude 77* 40' S, Guilkmin'* longitude for tlw 
iD4gtiet{o pole, 164' 8' E. — about 7° farther eui tlian that gireii b; the 
Ency, Brit., 147^°— ii thui prob»blf about correct. 



CHAPTER XVIII. 

Tht " ir>direct^''agon{e line$, and llnei of e^UfU fnagnettc mHaiiw'i-.—The 
oomplezity of the injlutneet aff&iting ikem, and the bearing of tht thape 
of the Magiietic Equator on the poeittons cflhe tesondary poles. 

Is this chapter we have to consider the course of the 
" indirect " agonic lines, which have their origin on the 
north and south sides of the North and South Magnetic 
Poles respectively, and which, commencing as lines 
having a variation of 180 degrees, only become lines of 
"no declination" when they get beyond the Geographical 
Pole. Before we do thia, however^ it will be advisable 
to examine the distribution of the lines of equal 
variation, so far as known. 

If there are really four magnetic poles, as we have 
assumed, we should naturally expect thai, in spite of 
the unsymmetrical positions of the poles, the lines of 
equal magnetic variation in the eastern and western 
magnetic hemiapheres should be fairly symmetrical at 
corresponding portions of each hemisphere. Similarly 
we should expect that the lines in the northern magnetic 
hemisphere should on the whole be similar to those in 
the southern magnetic hemisphere. 

But on examining a chart showing these lines of 
equal magnetic variation, we find that thia is far 
from being the case. On the whole, except in the 
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Magnetic Pole, in attracting the south-iDdieating end of 
the needle to the west, affecta the line of no declination 
which we found in the immediate neighbourhood, and 
due south of, the North Magnetic Pole. 

We have seen that, aa we move southward, the marked 
end of the needle in caused to point to the east of the 
North Geographical Pole; and we find that in our 
southward journey we have thus to diverge more and 
more to the east to follow the line of " no variation." 

We have seen that at the South Magnetic Pole, as at 
the North Magnetic Pole, there are only two possible 
positions of " no variation." One might naturally think, 
that the agonic line leaving the North Magnetic Pole 
on ita southern side would unite with the South Mag- 
netic Pole on its northern side, and that the agonic line 
leaving the South Magnetic Pole on its northern side 
would unite with the North Magnetic Pole on its 
southern side ; that, in fact, the agonic lines proceeding 
southward from the North Magnetic Pole, and north- 
ward from the South Magnetic Pole, which in their 
origin we have dealt with as two separate and diatinct 
lineSj will be so influenced mutually by both poles that 
they will constitute in reality one line. The same 
reasoning would apply to the agonic line, leaving each 
magnetic pole on the opposite side, so that the agonic 
lines which in their origin we have dealt with as four 
separate lines, would naturally constitute only two 
lines. 

It is, however, clear from the Admiralty Chart of 
magnetic variation, that the agonic line originating on 
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at any rate, whatever makes the needle act as if the 
poles did rotate in the manner suggested — must make 
the causes conducing to the distribution of the lines a 
problem of the utmost complexity. Instead of having 
to deal with the relations of four fixed points, we have 
on this hypothesis, to deal with four continually moving 
areas, possibly of considerable extent ; and as these are 
situated in very inaccessible regions on the earth's 
surface, the information regarding the lines in the 
neighbourhood of the magnetic poles, from which so 
much might be learned, is of the scantiest, if not, indeed, 
altogether wanting. Hence at present the diffieultiea 
in the way of following the influences affecting the 
indirect agonic lines with any certainty, are practically 
insuperable. 

As regards the secondary magnetic poles, there appears 
to be strong reason to conclude that they must necessarily 
be of much weaker attraction than the primary poles, 
and therefore it is quite possible that, even in their im- 
mediate proximity, the direction of the needle may not 
be directly towards them. If this is so, the statement 
we have made regarding the primary poles, that an 
agonic line must certainly originate in the neighbourhood 
of each of them in a position due north and due south of 
the source of attraction, would not apply to the secondary 
poles. Probably, owing to the same cause, such agonic 
lines, if any, as are originated by the secondary poles, will 
extend only a short distance, as they will be overcome 
by the opposing influences. 

We have seen that even as regards the direct agonic 
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liDes, the infltiencds deciding their courses are very com- 
plei. This complexity is necessarily much greater in 
relation to the "indirect" agonic Unes, which at their 
commeDCement are lines with a variation of 180 degreea> 
and the first part of whose course is towards the neigh- 
bouring geographical pola It has to be borne in mind 
that the geographical poles have only an artificial relation 
to the direction in which the magnetic needle points. In 
the case of the North Magnetic Pole, the geographical pole 
is at a distance of about 20 degrees of latitude, and in the 
case of the South Magnetic Pole, at a distance of aboufc 
10 J degrees of latitude, and we might just as well pick 
out any other point at a distance of about 1,300 miles or 
1,100 miles from the respective magnetic poles, and con- 
sider what variation the needle showed from such a 
point. If the esact locality of each magnetic pole were 
accurately known, and we could tell what variation the 
needle showed not from the geographical pole, but from 
the magnetic pole itself, aa we moved away from it, the 
matter might be simplified. 

Let us take our stand in the immediate neighbourhood 
of the North Magnetic Pole on its northern side, on the 
meridian 96* 43' west. The marked end of the needle 
points south to the North Magnetic Pole, and the south- 
indicating end of the needle points north to the North 
Geographical Pole. We move northwards along the 
geographical meridian, and the marked end of the needle 
is drawn somewhat to the left through the influence of 
the Asiatic focus — which repels its south-indicating end, 
which is pointing towards it; the south-indicating 
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end of the needle is also drawn slightly in the same 
direction, through the iufluence of the South Magnetic 
Pole. As we proceed northwards, the left is of course 
the westerly direction, and, as these influences would to 
some extent counteract each other, the agonic line would 
be drawn out of the meridian of its origin only to the 
extent by which the influence of the Asiatic focus would 
exceed that of the South Magnetic Pole. The north- 
seeking end of the needle would therefore doubtless be 
drawn westward. Thus the variation would be reduced 
to less than 180 degrees, and would become a westerly 
variation. 

In considering the direct agonic lines, we concluded 
that the line leaving the North Magnetic Pole on its 
southern side tended in an eastward direction, and that 
the line leaving the South Magnetic Pole on its northern 
side tended in a westward direction, and we found that 
the probable cause of the former line tending eastward 
was that the south-indicating end of the needle was 
being drawn westward through the influence of the 
South Magnetic Pole, 

If, then, the •marked end of the needle is being drawn 
westward, the line of no declination will doubtless be 
deflected towards the west. We should thus, probably, 
in following the line of no declination from the north 
side of the North Magnetic Pole, be obliged to move to 
the west of our position before the needle would again 
show the variation of 180 degrees. If we follow along 
the meridian 96° 43' west, till we reach the North 
Geographical Pole> this eflect would doubtless be 
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iitcreased. We may suppose we pass over the North 
Geographical Pole, and continue oar coarse on the 
opposite meridiaD, which is 83' 17' east. As we pasa 
oa to the opposite meridian, the very large westerly 
variation which we previously had, he comes a com- 
paratively small easterly variation, not through the 
needle changing its position to any material extent, but 
aimply because we have changed our course. We were 
hitherto proceeding northward, and having passed over 
the extreme northerly point o£ the earth, our course is 
now necessarily southward. The variation, although 
its geogi'aphical direction has thus been changed from 
westerly to easterly, is still, of course, towards our left. 
The agonic line in its course may therefore be expected 
now to lie considerably to the east of longitude 83° 17' E. 

The influence of the Asiatic focus will now be drawing 
the north-seeking end of the needle eastwards with 
great eflfect, while the South Magnetic Pole will be 
drawing the south-seeking end of the needle eastwards 
by a constantly increasing power, the farther south we 
proceed. The iniuence of these poles is therefore 
contrary to each other, and will vary according to 
position. Exactly the same course of reasoning might 
be applied to the agonic line originating on the southern 
side of the South Magnetic Pole as a line with a variation 
of 180 degrees. 

It would also apply to the direct and indirect agonic 
lines from the secondary polea^ — ^assuming such lines 
to exist. And a little consideration will show that 
the indirect lines from the secondary poles would 
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necesaarily, aoon after leaving these polea, be diverted 
far to the east or west, as the case might be, long before 
the geographical pole was reached, owing to the repellent 
power, on the opposite pole of the needle, exercised by 
the far stronger primary magnetic pole. Hence it is 
quite possible that, after all, the direct agonic line from 
the primary South Magnetic Pole may curve roiiJid and 
join the Asiatic focus in high northern latitudes. 

It is evident that the indirect agoaic lines from th^ 
primary poles will be deflected to a great extent by 
the action of the subordinate foci towards which they 
respectively, at their origin, in a great measure tend ; and 
to a minor, but gradually increasing extent by the action 
of the opposite magnetic pole. With these influences 
acting in opposite directions, the extent of the deflection 
will vary accordingly to position, the influence of the 
subordinate focus at first prevailing, and afterwards 
the influence of the opposite magnetic pole. This might 
naturally result in a curve being produced. 

It will be seen from the numerous difEculties which 
are unavoidable in a consideration of these "indirect" 
agonic lines, in the present state of our knowledge of 
the subject, that it would be fruitless to endeavour to 
trace thera, and to speculate as to how thoy are in- 
fluenced at difierent localities. 

We must remember, also, that the agonic lines are not 
fixed like meridians of longitude, but apparently sway 
to and fro owing to the secular motion of the magnetic 
poles. Thus the line of " no variation " passed through 
London in 1657, travelling eastwards, and is now, in 
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the same latitude, about 30° to the east, though it is now 
traveUing west again, — usiog the word " travelling " itt 
a very restricted sense. For, as explained in a later 
chapter, owing, no doubt, chiefly to local cauaes, there 
are frequently large deviations in places not far re- 
moved from one another, so that the lines on the charts 
are merely the approgsimaU average of that locality.* 
With such wholesale changes in the agonic lines, the 
disposition of the lines of equal magnetic variation will 
also be correspondingly revolutionized. 

Let us now consider the large oval on all parta of 
which there are no variation, and which we may 
suppose is really connected with these conjectured "in- 
direct " agonic lines. This oval curve of "no variation " 
lies in Eastern Asia, its longer axis being in longitude 
130° east, and its shorter axis in latitude 50° north. 
Let us imagine ourselves on any part of this curve, and 
see how the opposing attraction of the magnetic poles 
and relative foci would be likely to act, assuming the 
geographical position of the magnetic poles to be 70° 5' 
N, 96° 43' W; and 73° 30' S, 147' 30' E, respectively. 

The curve intersects the parallel 20 degrees N., in 
longitude 140 degrees E. Let us suppose the magnetic 
needle, in this position, to be influenced by the North 
Magnetic Pole alone. The longitudinal separation 
from this pole, measuring eastwards from the position 
specified is 123° 17'. The needle would, therefore, no 
doubt, point in a north north-easterly direction, and thus 
the marked end of the needle, so far from coinciding 
• See Appandii, No. Y, 
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itt direction with the geographical meridian, as it mast 
do to show no variation, would show an appreciable 
easterly variation. Now consider the influenee of, first, 
the Asiatic focus, and then of the South Magnetic Pole. 
The former must attract the marked end of the needle 
in a somewhat westerly direction, and the latter mtisfc 
attract the eouth-seeking end in a south south-easterly 
direction. Thus these two sources of attraction act in 
unison, and counteract the influence of the North 
Magnetic Pole in drawing the marked end of the needle 
towards the east. The result is that the needle, being 
equally attracted in opposite directions by opposing 
forces, points towards the true north. 

By thus allowing for the different sources of attraction, 
a reasonable comprehension of the action of the needle 
on this curve of "no variation," may probably be arrived 
at Seeing, however, that there are so many matters 
lacking in connection with this branch of our subject, 
these suggestions are put forward very tentatively, in 
the hope that they may help towards a clearer under- 
Btanding. 

"While there is, in the Southern Hemisphere, no known 
district of " no declination " corresponding with thia 
oval curve which occurs in the Northern Hemisphere, 
there certainly ia, in the South Pacific, a district which 
has an apparent resemblance to it. Certain curves 
appear in which the declination is small, the smallest 
being 7 degrees east. The longer axis of this ellipse 
almost coincides with the geographical equator, and the 
shorter axis with the meridian 140 degrees west. In the 
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case of the ellipse ia the Northern Hemisphere, the longer 
axis is loDgitudin&l, and the shorter latittidinal, bat in 
the ellipee in the Southern Hemmphere the reverse is 
the case. Of cooxse local causes would readily acoomit 
for an agonic line passing out of existence and beconung 
a Ime of small Yariation. 

It is not improbable that both these ellipses are 
connected with the " indirect " agonic lines which must 
originate at the magnetic poles, as well as with tha 
influeitce of the rotating polar extremities. 

There is one point, howeveiv in connection with the 
oval of easterly variation in the Pacific, of great 
significance, and that is that the magnetic equator 
passes through the centre of it. Further, this oval is 
almost exactly half way on the shortest line between the 
primary magnetic poles, being about 79° of a great circle 
from each of them, This is shown on the annexed chart of 
the world, on which lines are drawn showing the 
boundaries of 90* circles drawn from each of the primary 
poles. The theoretical magnetic equator thus formed 
is shown by the thin line drawn between them, and 
the actual magnetic equator, according to Evans, by a 
broad liae. It will be noticed that in the Pacific there 
Is an area where the circles, so to speak, overlap, and 
a corresponding area in the opposite hemisphere where 
they do not meet. This ia due to the unsymmetrical 
positions of the poles, and must no doubt have some 
efiect in the distribution of the lines of variation, 

Comparing the theoretical with the actual magnetic 
equator, it will be seen that they by no means coincide. 
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but curve irregularly in relation to each other. It ia 
curious to note that a far more symmetrical efiFect is 
obtained by assuming that the North Magnetic Pole ia 
about 20° of longitude farther to the west. The result 
is shown in chart 2. 

The magnetic equator, then, goes farther north and 
farther south than the theory o£ two magnetic poles 
would lead us to expect, but by assuming the existence 
of four magnetic poles we can explain some of its devia- 
tions. Directly south of the assumed longitude of the 
Asiatic focus, there is, as we might expect, a flattening of 
the curve, of no great extent, suggesting that this focus ia 
in high northern latitude. When we look for a similar 
influencG on the part of the supposed South Magnetic 
focus, we find a somewhat similar, but more decided 
diversion at about longitude 105° to 110° W., suggesting 
that ita cause may be nearer the equator than the Asia tie 
focus ia. The question naturally arises whether an 
irregularity ia the magnetic equator, such as we have 
indicated, can really reveal the situation of the South 
Magnetic focus. 

It ia worthy of remark that the location of such a 
focus at about 105* W. would harmonize with the position 
required on the analogy of the European agonic line 
and the Asiatic focus — as has been suggested in the 
preceding chapter.* It is also to be noticed that the 
Southern focus, if in this position, would be 35° of 
longitude east of the centre of the South Pacific oval, 
This is not very dissimilar from the distance the 
* See page 142. 
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Asiatic focua — in its suppoaed longitude — is west of tbe 
centre of the ovftl of " no variation " in the Northern 
Hemisphere, and which eneloses an area of slight 

westerly variation. It may be further noted that, in 
the Northern Hemisphere, the lines showing equal 
magnetic variation are very much closer together on 
thai side of the primary pole on which the longitudinal 
distance from the secondary pole ia greatest. On the 
same analogy, we should expect the region of closest 
lines in the southern hemisphere to be similarly situated 
with reference to the two Southern Magnetic Poles, and 
a glance at the chart shows that this is indeed the case. 
We have, therefore, fair reason for believing that the 
position we have assigned for the Southern Magnetic 
Focus is approximately correct. 

Now, the western extremity of the Pacific oval, coin- 
cides with a point almost exactly half way on the shortest 
line connecting the two secondary poles, — assuming they 
are situated in the longitudes mentioned above: we 
have also seen that its centre is half way between the 
primary poles, — also on the shortest line between them. 
It would thus appear that the oval in the Pacific is 
nearly equidietant from all four poles, which would 
lead to an abnormal state of magnetic conditions. The 
north and south primary poles w^ould cause the needle 
to point N.E. and S.W., their influences strengthen- 
ing one another; on the other hand, the two secondary 
poles would both pull it in the opposite direction, but 
with less force. Hence on the whole the variation 
would be slightly easterly. 



POSITION OF a MAGNETIC FOCUS. 167 



We should expect that there would be a coixea- 
pondiug abnormal state of magnetic conditions at the 
diametrically opposite part of the earthy which is also 
equidistant from all four poles; the chart, however, 
gives no indication of such being the case, Nevertheless, 
it is curious to note from Weyer's Tables, that, in this 
very locality, at Sokotra, South Madagascar, and 
Mauritius, the needle never pointa to the true north, 
hut always to the west of it, suggesting the possi- 
bility of an oval of permanent westerly variation. 
A similar oval might exist in eastern North America, 
where, as we have seen, the needle, over a large area, 
also points permanently to the west. And if these ovals 
of permanent westerly variation exist, it will he seen 
that the American one is situated, with respect to the 
American agonic line and Pacific oval, very much as the 
African one is with reference to the European agonic 
line, and the " no variation " oval in Eastern Asia. 

The position we have assigned for the South Magnetic 
focns, in longitude 105° W., is also in accordance with 
what we have said regarding the preponderance of the 
poles towards one hemisphere. The four poles would 
appear to be situated between 96° W. and 105° E., 
measuring westwards, or within 160' of longitude. 
That is to say, they are all, longitudinally, in one 
hemisphere. The charts of "lines of equal horizontal 
force " show that the area of greatest horizontal force 
lies almost entirely in this hemisphere, in the vicinity 
of the equator, with a tendency to rise to a maximum 
about the longitudes of the four magnetic pole.?. 
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It ifi noticeable, however, in connection with our 
suggestion as to the position of the Southern fociia, that 
no agonic line, such as might be expected to occur in the 
neighbourhood of its northern side has hitherto been 
observed in this locality. This region of the South 
Polar area, however, has hardly ever been visited, and 
has never been explored beyond the 70th parallel, and 
it is quite possible that such a line may exist farther 
south. 

There remain the diversions of the magnetic equator 
between Africa and South America. To whatever cause 
they are due, it is evident that on the whole they are 
very similar in intensity for both poles. The most 
likely explanation regarding them, is that they may bo 
the result of the rotating polar extremities. A careful 
and continuous study of the poisition of the magnetic 
equator would doubtless throw considerable light on 
the secular changes of the magnetic poles. 



CHAPTER XIX. 

Loenl eauset of deviatwn of the magnetie neirdfc. — Sow the orhital duplaoe- 
fnenl of any diitnct it infiuenced iy the axi/d rotation, and the htarmg 
of thii on the ii?ipa^( of the. itiar-projcckd deciric vMt-et. 

In considering the influences which decide the direction 
in wliich the magnetic needle may point at any 
particular part, we have repeatedly made reference 
to the subject of " loc^l causes." By local causeB we, of 
course, mean the deviation resulting from causes other 
than those affecting the eartli as a whole, Local causes 
which divert the needle from the true magnetic EQeridian 
are very common, and this in itself must necessarily 
prevent terrestrial magnetism from ever becoming an 
exact science. 

Not only, however, are local causes of deviation of 
frequent occurrence in nature, but in this matter art 
has come to the aid of nature, and local causes of 
deviation are artificially increased. Of late years, the 
development of electric railways and tramways has 
greatly increased the difficulties of magnetic observation. 
Dr. Charles Chree states that with the arrangements 
customary in electric traction, when the cars are 
running, the effects on delicate magnetic instruments 
are visible at a distance of several miles. Several 
magnetic observatories, such as those at Washington, 
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Toronto, Batair3&, Vienna, Paiis^ and Borne, have been 
completely apaet, and most of those situated near large 
cities are in imminent danger. A new eite has for this 
leason lately had to be sought for the magnetic 
obeervatoiy of Kew, and it has been found advipable 
to erect an observatory at Eekdale Mcur. in the soiith 
of Scotland, which will, when completed, probably 
Buperoede the obaervatory at Kew, in so far as magnetic 
phenomena are concerned. 

Even at eea the difficulties of observation have been 
artificially increased, as iron ships have now practically 
superseded those built of wood. Every iron ship in 
the course of its construction becomes a magnet 
through the inductive action of the earth's magnetism. 
Throughout the life of the ship, the magnetism induced 
during construction to a certain extent remains, although 
it is more or less affected by the voyages made, the 
effect varying according to direction. 

Although, therefore, both on land and sea, the 
difficulties connected with magnetic ohBervrations have 
of late years been artificially increased, the natural 
cauBcs of deviation of the needle, from the position 
which it would take according to the magnetism of the 
earth aa a whole, are sufficiently numerous. 

Captain Ettrick W. Creak, C.B., of the Royal Navy, 
refers to this matter in a recent address to the geo- 
grftphical section of the British Association. He states 
that there is an increasing difficulty in Bnding districts 
of only a few miles in extent where the observed values 
of the magnetic elements at different stations do not 
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differ more widely than they should, if we considered 
only their relative position on the earth as a magnefc* 
He mentiona two striking examples of local dia- 
turbanee; — "In the Ropakivi district, near Wiborg, a 
Russian surveying oflScer, in the year 1890, observed 
a disturbance of ISO", or in other words, the north point 
of his compass pointed due south. At Invercargill, in 
New Zealand, within a circle of 30 feet radius, a 
difference of 56" was found." And in our own country, 
mountaineera have learned that^ on certain mountain 
ridges in Skye, and elsewhere, it is impoasible to find 
their bearings by means o£ the compass, as there is no 
saying in what direction the marked end will be 
pointing. 

Captain Creak considers the principal cause of local 
disturbances to be the occurrence of magnetic rocks in 
the vicinity. Such rocks may, from their peculiar 
position, occasionally be present and fail to disturb the 
needle ; but, on the other hand, it has been found that 
" the magnet would be capable of detecting large masses 
of magnetic rock at a depth of several miles." 

These causes of disturbance are not confined to land« 
although, in Captain Creak's opinion, the needle ia not 
affected by causea of disturbance at sea if a depth of 
100 fathoma or more intervenes. In shallower waters, 
however, the needle ia disturbed at sea just as much as 
on land. Captain Creak calls such areas of magnetic 
disturbance at sea " magnetic shoala." One of the moat 
remarkable of these magnetic shoala was found off 
Cossack, N.W. Australia, the area of disturbance being 
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3J miles long hy 2 miles broadj with not lesa than 8 
fathoms of water over it. The disturbance was suflScient 
to deflect the compass to the extent of 5Q*, and to 
increase the dip by 29' ; and this at a distance of over 
2 miles from land. 

A magnetic shoal was recently located by the survey- 
ing ship Research in East Loch Roag, at the island of 
Lewis ; and it was found that,^ — although, according to 
the usual experience, such causes of disturbance in the 
Northern Hemisphere attract the north-seeking end of 
the needle, and in the Southern Hemisphere repel it, — 
the magnetic shoal at East Loch Roag repelled the 
north-seeking end of the needle. 

Mountainous districts are specially open to suspicion 
of magnetic disturbance, and this also applies to islands. 
It is said that the island of Bomholm, in the Baltic Sea, 
acts as a huge magnet, and that the resulting deflection 
on the compass is perceptible at a distanae of nine and 
a half miles. 

It will be seen, therefore, that from this cause alone 
the regularity of the magnetic meridians and curves of 
magnetic dip must be completely upset. In judging 
of the eftect of the earth's magnetism, we can only 
endeavour to ascertain what the lines of meridian and 
dip would be if not so disturbed. We can almost 
assume that in no large area of the surface of the earth 
will the position of these lines be found in reality 
exactly where they should be theoretically. 

There is another matter which may be conveniently 
referred to here as a possible cause of difference of the 
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magnetism in different districts; altliongh, as it 
originates in the mutual relations of the sun and the earthj 
it earmot be classified under the heading of local causes. 

We have suggeated that terrestrial magnetism haa its 
origin in electric waves from the sun being impelled 
against the earth. If we consider the orbital and 
rotational motions of the earth in connection merely 
with these waves, it is evident that these motiona must, 
in different latitudes, and at different hours of the day, 
vary to a great extent. We have seen that the apeed of 
axial rotation varies according to latitude, being at the 
equator 25,000 miles daily, while at the geographical 
polea it is non-existent. Thus, places at the equator 
will pass under the electric waves at an oxceasive 
speed, while the speed will decrease ae the latitude 
increases. 

'Now, consider the orbital progress. The earth is 
dashing forward in ita orbit at the average speed of 
18| miles a second, which is the unifojin orbital speed 
of the earth's centre. If we imagine ourselves at a place 
situated at the equator, it is evident that at about 6 a^m., 
when facing the direction of orbital 'progress, we are 
moving forward in the orbit at the speed mentioned. 
As, however, we turn towards the sun in the axial 
rotation, and continue the turning movement tilt the 
sun again sinks below the western horizon, the move- 
ment of axial rotation is redticing the speed of orbital 
progression, We, at our station on the equator, are, ao 
to speak, moving by the axial rotation backwards from 
the direction in which the earth as b, whole is dashing 
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forward. The orbital maTement of displitoement, there* 
fore, falls to be locally reduced. 

The converse must he the case when the place at 
which we have taken out stand is tamed awaj from the 
Bnn. We are then once again tnming towards the 
direction of orbital progress, and we are thus moving 
forward in the orbit at a greater speed than the earth 
as a whole is moving forward. It would seem as if at 
6 a.m., as we face the direction of orbital progress, the 
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sole local displacement in the orbit is that produced 
by the orbital movement of the earth aa a whole. At 
12 noon, when we face the sun, the speed of orbital 
progression falls to be reduced by the speed of axial 
rotation ; so that, at that hour, the change of position 
occasioned by the double movement of the earth, is less 
at the equator than at any other place on the earth's 
sukfftce. 

Taking the orbital velocity of the earth as a whole at 
18^ miles a second or 1,110 miles a minute, and the 
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axial velocity at the equator at 17 J miles a minute, it 
would appear that, at about 12 o'clock noon, the orbital 
displacement occasioned at the equator by the double 
movement is 1,092| miles & minute. At about 6 p.m., 
when we face the portion of the orbit through which 
the earth haa juet passed) the sole local displacement in 
relation to the orbit is again that of the orbital move- 
ment. For the nest twelve hours, however, the 
displacement is greater than is accounted for merely by 
the speed of orbital progression, as the plane at which 
we have taken our stand is turning axially in the 
direction in which the earth is progressing in its orbit. 
Thug the orbital displacement falls to be increased to a 
varying extent up to the maximum at 12 midnight, 
when the whole axial velocity falls to be added to the 
orbital velocity, and the orbital displacement is therefore 
l,l27i miles a minute, being greater than at any other 
place on the surface of the earth. But the portion of 
the earth, which is thus moving forward at a greater 
speed than the average orbital velocity, is not directly 
exposed to the sun, except in the neighbourhood of one 
or other of the poles — where the axial velocity is small. 
It will be seen that this question of displacement 
Tvould have a different bearing in different latitudes' 
although the average movement corresponds. Thus, at 
the equator the displacement at noon is less than it is at 
any other place on the earth, but at midnight it is 
proportionately greater. The increase in the displace- 
ment at midnight corresponds with the decrease at nooii. 
Thia would apply to all latitudea. 
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How, then, does this bear oa the impact of the electric 
waves from the sun ? It is only at the equinoxes that 
the son is directly over the equator, bo that it is only 
then that the full effect of the reduction in the speed of 
orbital displacement, occasioned by the axial rotation, 
would occur at the centre of the sheet of electric waves. 
At the equinoxes, also, the sheet would stretch from one 
geographical pole to the other, or, strictly speaking, a 
little beyond each pole, as mentioned on p. 37. 

On the other hand at the solstices the centre of this 
sheet will lie either considerably (23 1°) to the north or 
conaiderably to the south of the equator, whilst one 
geographical pole and its adjacent magnetic poles will b© 
excluded, and the other corresponding poles continuously 
exposed to the influence throughout the diurnal rotation. 
This variation in the exposure of the respective mag- 
netic poles to the direct influence of the sun, must, 
doubtless, if the sun is the source of the earth's 
magnetism, have an appreciable eflect on the movements 
of the magnetic needle, and this effect will, of course, 
vary, according to the geographical position of the 
needle. In its broad aspect this subject has already 
been referred to, and we have seen that the extent of 
the needle's movements ia noticeably greater in summer 
than in winter. 

One cannot but suppose also that the differences 
arising in different localities in connection with the 
»peod at which the zone of electrical influence is 
traversed, and the varying amount of orbital displace- 
ment— &3 well as the speed of what we might call the 
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reverse movement, when the position is turned away 
from the sun, in relation also to the orbital velocity — 
must have some bearing not only on the working of 
terrestrial magnetiBm in the earth aa a whole, but also 
on the diversity of the needle's movement in different 
localities. There is reason to believe that the rotational 
movement of the sun itself must exercise an important 
influence on the earth's magnetism — an influence 
complicated by the period of rotation varying according 
to the solar latitude. At the solar equator, the period is 
about 26 days, whilst at 45° it is over 27 days; and it 
ia supposed to be somewhat less in the northern, than in 
the correapondiag southern latitudes. Furthermore, 
the fact that the solar axis is not a perpendicular to the 
plane of the ecliptic — ^the solar equator being inclined to 
the ecliptic at an angle of 7° 15' — must not be overlooked 
in estimating the various causes which go to produce 
the periodical changes in tiie magnetic state of the earth. 
It is, however, at present impossible to analyse how 
these various causes influence the movement of the 
magnetic needle in dilfereut situations ; and it can only 
be by slow and patient investigation that the effect of 
these diverse causes on the action of the needle can be 
definitely ascertained. 



CHAPTER XX. 



Semefattvn that maj/ bffvmid to ka»f aoau bean^ on Ui* 
noMmenU of At wta^/netie neidU, 

We have esdetivoured to account for the existence of 
terrestrial magnetism by the impact on the earth o£ 
electrical displace rocntfl 'm the surrounding ether, having 
their origia in the activity o£ the sun. Wa have seen 
that, if this explanation ia correct, the two points which 
we have described as the orbital poles — being the apicea 
of the earth at right angles to the plane of the orbit — 
might naturally be expected to be the positions of the 
magnetic poles, and we have considered certain reasons 
which go to explain why such cannot be continuously 
the case. 

It has also been conjectured that, if the earth took 
the same time to rotate on its axis as it does to revolve 
around the sun, the magnetic poles might follow the 
movement of rotation, and consequently practicalJy 
coincide with the orbital poles, and thus describe a circle 
around the corresponding geographical poles in the 
period o£ rotation. If this be really the case there would 
Mem to be a strong probability that the extent of the 
daily movement of the magnetic pole, or of the centre 
of primary attraction in the magnetic pole, should bear 
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somewhat the same proportion to the length of the 
circumference of the circle of latitude on which the mag- 
netic pole is situated, as the titne occupied by the earth 
in the daily rotation bears to th6 time occupied in the 
annual revolution. 

Unfortunately, the hypothesis that there are four 
magnetic poles has the effect of producing a complexity 
which precludes definite information on thia subject, 
for, in the present state of our knowledge, we cannot 
tell to what extent each pole contributes to the daily 
motion of the needle. Moreover, the existence of four 
poles instead of two raises questions as to whether 
we are to double or halve the ratio above mentioned, 
Neverthelesa, aaauming that the whole resultant motion 
of the needle at Kew is caused by the primary North 
Magnetic Pole alone, it will be of interest to enquire 
what the extent of the daily movement really is, and 
what proportion it bears to the circle of latitude on 
which the North Magnetic Pole lies. 

By the time of daily rotation we, of course, in this 
matter, refer to the interval which elapses between the 
fiuccessive returns of each meridian to the same position 
in relation to the sun. The actual time of one complete 
rotation — the sidereal day — is about four minutes leaa 
thaji the solar day, but it is the latter with which we 
are now concerned. The length of the solar day is on 
the average exactly 24 hours, and the time occupied by 
the earth in the annual revolution ig practically 365^ 
days. Lict us enquire whether there is any reason to 
think that these proportions do really apply. 
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It will be seen from the table of the daily vaTiation 
of the magnetic needle at Kew, which is given in 
Chapter VI, that the total average daily movement of 
the needle is 28'37 raimites easterly and 28*34 westerly, 
making together a movement of 56-7I minutes. By 
taking the half of thia total movement we shall get the 
measurement of the diameter of the daily circait as 
traced by the movement of the magnetic needle at £ew, 
assuming that the whole movement is caused by the 
North Magnetic Pole. The diameter is thus 2S'355 
minutea of arc 

If we now accept the position specified by Ross for 
the North Magnetic Pole, we may assume that the dally 
movement of the needle at Kew occurs with the pole 
in latitude 70° 5' north and longitude 96° 43' west. Let 
us, on this assumption, measure the actual geographical 
length of the diameter of the daily circuit of the mag- 
netic pole, or of its centre of primary attraction. The 
diameter is subtended by an angle of 28355 minutes at 
Kew. To enable us to measure its actual length, we must 
first get the distance of the magnetic pole from Kew. 

Let UB construct a triangle * one side of which will be 
a line from Kew to the North Geographical Pole, its 
length being 38J degrees of geographical latitude. The 
second side will be a line from the North Geographical 
Pole to the North Magnetic Pole, its length being 19° 55' 
of latitude, and the angle contained between these two 
sides will be 96° 43'. Wo find that the length of the 
third aide, being the distance of the magnetic pole from 

* See Appendix ; No. II, 
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Kew, ia equivalent to 44° 40' of latitude, and that the 
angle afc Kew is 28° 46'. 

We can now construct another triangle of which on© 
of the aides ia tho distance from Kew to the North 
Magnetic Polo, which we have juat found to be equal to 
44° 40' of latitude. The second side is also a line from 
Kew to the North Magnetic Pole, and is of practically 
the same length, but forming an angle at Kew of 28*355 
minutes (say 28 minutes) with the first side. The third 
side of the triangle will then be the length of the 
diameter of the small daily circuit. By this means we 
find that the diameter of the daily circuit is nearly 20 
minutes (say 19' 40") of the circle. 

It is evident that this measurement relates to the 
same great circle as the other two sides of the triangle^ 
the sides extending from Kew to the North Magnetic 
Pole, The distance from Kew to the North Magnetic 
Pole is 44° 40' of the circumference of a circle surround- 
ing the earth passing through both geographical poles. 
We have therefore now found that the diameter of the 
daily circuit at the North Magnetic Pole is 19' 40" of 
the same great circle. 

If we take the circumpolar circumference of the earth 
aa 24,815 miles, the diameter of the daily circuit at the 
magnetic pole (being 19' 40" of the circumpolar circle) 
will be about 226 miles. The actual length of a degi^ee 
of longitude at parallel 70° 5' is 23'5 miles, making the 
total length of the parallel 8,4G0 miles. It would thua 
appear that the daily movement in longitude of the 
North Magnetic Pole, or of its centre of primary 
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attraction — 22'6 miled — ^is aligbtly less than the length of 
a de^ee of lougitode (235 miles) at parallel 70* 5', and 
would therefore, if increased by the curvature of one 
degree of the parallel, bear about the same proportion to 
the length of that parallel as the time occupied in the 
axial rotation, 24 hours, bears to the time occupied in 
the annual revolution, 365^ days. 

Now we have assumed that this tootion is produced by 
the daily rotation of the earth, and that the movement, 
being of a circular nature, is therefor© practically a re- 
verse movement daring one half of the day from what it 
waa in the preceding 12 hours. We might describe the 
semi-circle, travelled over in one period of 12 hours, as a 
forward movement, and the eemi-circle travelled over in 
the ensuing twelve hours as a backward movement^ so 
that the pole is virtually thrown back into its previoua 
position. 

Now, if the daily rotation of the earth instead of 
occupying 24 hours occupied 36 5^ days, this forward 
movement, which coincides with one half of the daily 
rotation would extend not merely through 12 houra, but 
through 182 1 days; and if in 12 hours the movement 
covere, as estimated, about one degree on the parallel, in 
24 hours it would cover about 2 degrees. Thus in 
182f days it would cover about 360 degrees, or the whole 
circumference of the circle. This brings out the rather 
Burprising result^assuming the whole motion of the 
needle to be due to the North Magnetic Pole — that if 
the diurnal rotation occupied the same time as the 
annual revolution now occupies — 365^ days^ — instead of 
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only 24 hours, the magnetic pole would in the period 
of rotation travel twice round the circle of latitude. 

The above calculation does not, however, appear to 
have any special bearing npon the secular movement of 
the magnetic poles under existing circumstancea. It 
eeems not unlikely that the period of the secular move- 
ment of the magnetic poles may really bear aome relation 
to the period of the annual revolution of the earth in its 
orbit, but the evidence at present available does not 
allow of an opinion being expressed as to whether there 
ia any direct relation between these periodH or not. 

In the calculations we have made in certain of the 
preceding chapteiSj as to the daily motion of the North 
Magnetic Pole, as revealed by the daily movements of 
the magnetic needle at different stations in the Northern 
Hemisphere, we have found that the evidence appears to 
indicate a daily circular movement at the pole. Now, 
we have seen that the secular movements of the needle 
at various places go to show that the magnetic pole ia 
really elliptical in shape, and that the secular movement 
of the pole is practically a rotation on its own axis, as if 
it revolved on a "pivot" — its geographical situation not 
altering to any great extent. We have inferred that, as 
regards the magnetic pole as a whole, the daily move- 
ment consistent with its shape would be a swing of small 
extent ; and yet we have concluded that as regards the 
extremities of the ellipse — or, as we may call them in 
relation to these stations, " the centres of primary 
attraction "—the daily movement is rotatory. These 
two movements — a swinging movement of the pole as a 
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vbote, and a rotatory movement ot the extremities— <are 
consisteot with each other only if we allow for a certain 
amount of " play " at the central " pivot," whereby tbei 
pole as a whole will have a certain daily range of move- 
ment in both latitude and longitude. The extremities 
will tbos be caa&ed by the daily swing of the pole to 
move around the drcamference o£ a small circiut. This 
subject is dealt with in Appendix No. VL 

One other matter may be brought up here, which 
may have some relation to the daily movement of the 
needle. In Chapter YL we mentioned that the magnetic 
poles had a daily swinging movement with reference to 
the sun— which might also have some bearing on the 
needle's daily movement Now, the earth's axis has 
also a similar movement to and from the sun^ not daily, 
bat fiix-monthly, from solstice to solstice. The earth's 
axis being inclined 23^° to the plane of the ecliptic, the 
geographical poles thus swing 23^° on each side of the 
ecliptic, or 47° in the six months between the winter and 
summer solstices. The result is that the surface of the 
earth meets the electric waves from the sun in an ever- 
changing manner, as the axis of rotation slowly sways 
to and fro. This might be expected to alter the 
magnetic conditions, and to have an effect varying in 
diflerent parts of the earth. This has doubtless a bear- 
ing on the gradual seasonal changes in the movements 
of the magnetic needle. 




CHAPTER XXI. 

Sim Spoti, Polar Aurorf?, and Magnetic Stomu, -eousidered in eonneetion 
with the hjfpolhfsit of the metffntilzation of the earth by the mtpact of 
tolar-pro}ecUd,'deetrie diipiwuiment) in thi etker. 

That there is & certain connection between the 
phenomenon of terrestrial magnetism and the occurrence 
of sun spots and aurorea is now generally aeceptedj 
but the nature of the connection, and the relation 
between these phenomena have not yet been definitely 
ascertained. 

M, Guillemin gives the table on the next page, 
•which he states was prepared by Professor Loomis, of 
Yale College, U.S. A., showing the coincidence of the 
epochs of maxima and minima of these various 
phenoraenaj and he mentions that the observations of 
the two eminent aatronomera Respighi and Tacchini, 
confirmed the fact that outburflta of the "red pro- 
minences," or epouts of hydrogen gaa, on the sun, 
follow the same law as the spots. 

M. Guillemia refers to the fact that in 1859 a magnetic 
fltorm of unprecedented magnitude continued from 
August 28th to September 7th, and that this was found to 
be absolutely simultaneous with the period of maximum 
activity of one of the largest sun-spots ever observed. 

The larger sun spot? are now believed to be the result 

m 
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of. or at least to indicate, very violent commotions on 
the surface of the siin. The spots themselves are con- 
fiidered to he depressions in the solar surface, the 
apparent blackness being dniply the result of contrast 
with the inteofle light of the surrounding parts. The 
apots are of courBe in reality of immense size, and they 
ftro constantly undergoing great changes through the 
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action of the violent disturbances of which they are the 
indication. One spot, noticed in 1851, was 140,000 miles 
across, and the commotions were so great, that they 
could be detected by observation with the telescope. In 
fact, it would appear that sun spots are indicative of 
perturbationa in many respects analagous to volcanic 
eruptions. 

It was discovered in 1843, that the number of spota 
appearing on the eun'a surface is subject to it periodic 

* Elsotricit; and ]£ag;oetiam, page 70. 
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fluctaation, whicli gradually falls from a maximum to a 
minimurn, and then gradually increaaea to a maximum 
again, the period of transition being a little more than 
eleven years, Later on, Dr. Rudolf Wolf, of Berne and 
Zurich, discovered that the sun-spot period exactly 
coincided with the periodicity of magnetic disturbances 
on the earth's surface, thus proving, or at least giving 
strong reason to suppose, that magnetic storms and sun- 
spots are really in some way connected, 

Phyaicists have, in the same manner, been gradually 
forced to conclude that magnetic storms and the aurora 
are connected. As M. Guillemin says, "It is now 
generally allowed that this phenomenon (the aurora) is 
closely bound up with the earth's magnetism, and that 
magnetic storms and auroras arise from a common cause 
rather than that they are cause and effect." * 

Thus, by slow and patient investigation, the conclusion 
has been arrived at, and is now, as we have mentioned, 
generally accepted, that a connection of an undefined 
nature exists between these three natural phenomena — 
sun spots, magnetic storms, and aurorsa, 

M. Guillemin gives much intereBting information as 
to the investigations which have been made regarding 
the aurora. While occasionally seen in tropical and 
temperate regions, tha aurora is, of course, of much 
more frequent occurrence in the polar areas, and, as it 
has naturally been most closely observed in the northern 
regions, it has amongst ourselves become known as the 
northern lights or aurora borealis. According to recent 
* BUetriotiff and Magnttinaf p. 70. 
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ftuthorities, the displays of aorora austraUs are osiially 
Bimultaneous with those of the aoiora borealis. 

M. Martins, one of the scieDtists who has giyea 
vpdd&I attention to the investigatiooa of the nature of 
AVrorft, writes regarding it in the following graphic 
terma: — ^"The phenomena (of the aoxora in the Arctic 
regions) are seen with a splendour and magnificence not 
comparable with anything else. BrUliant and varied as 
a display of fire- works, the sight changes every moment. 
There is not time for the painter to catch the form or 
tint of their changing lights. Even the poet fails to 
describe them. Never are there two auroras alike, — 
their variety is infinite." * 

It is believed by some of the inhabitants of the Arctic 
regions that the aurora is accompanied by a peculiar 
rustling noiae, although many scientista are of the 
opinion that this is an illusion. It is interesting, however, 
to know that in Finland, such a belief is common. The 
Laplanders compare the noise to what is produced by 
the leg-joints of the reindeer during their walk, which 
resembles the crackling noiae of electric sparks. 

The late Baron N. A. E, Nordenskjold, who led an 
expedition which passed the winter 1878-79 in Bering 
Strait, has stated that during the whole of that winter, 
although there were no brilliant displays, the aurora was 
observed as a luminous halo-light arc, and he concluded 
that, "our globe even during a minimum aurora year^ 
is adorned with an almost constant crown of light, 
single, double or multiple, whoso inner edge was usually, 

* Sleetrieity and Magnctiim, p. 82, 
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during the winter 1878-79, at a height of about "03 of 
the radius of the earth (120 miles) above its surface, 
having its centre a little north of the magnetic pole, and 
having a diameter of about "32 of the radius of the 
earth (about 1,280 miles)." 

Dr. Sophus Tromholt, another explorer, who spent 
the winter 1882-3 in Lapland for the express purpose 
of studing auroi'se, came to the conclusion that "the 
auroral zone does not lie quite still, but shifts northward 
and southward daily, and that it has a yearly motion/and 
rIbo a motion which recurs in an eleven-year period." 

The height of the aurora has been variously estimated, 
by different investigators on different occasions, at from 
81 to 241 milee. One or two observers, however, have 
stated that occasionally the aurora occurs at practically 
the surface level. 

Dr. Silvanus F. Thompson mentions, in connection 
with the relation between the aurora and terrestrial 
magnetism, that it was first noted by Wilcke, a Swede, 
that the corona of the aurora forms in the magnetic 
g^.nith, and that it was first pointed out by Ussher in 
1788 that the magnetic meridian bisects the auroral 
arch. 

Although magnetic storms are of so irregular a 
character as to render their accurate prediction im- 
possible, it has nevertheless been found that they recur 
in certain fixed periods. It is said that they are more 
frequent during the night than during the day, and that 
in the Northern Hemisphere they are more frequent 
aud noticeable during the months from April to 
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September than during the winter months. Id the 
Southern Hemisphere, their greatest frequeDcy is from 
St^ptember to April, which is the summer se&eon of that 
Hemiephere, so that their more freqaent occurrence 
during the summer months applies to both hemispheres 
alike. It has been found, however, that sometimes 
isolated tnagnetic storms occur ail over the world at the 
same moment, even at places several thousands of miles 
apart. A magnetic storm of this nature occurred on 
25th September, 1841, and was observed simultaneously 
in Canada, Bohemia, the Cape of Good Hope, Taamania, 
and Macao. 

The observed simultaneous occurrence of a sudden 
solar change and of a marked magnetic disturbance, 
which took place on 1st September, 1859, is particularly 
referred to by Dr. Balfour Stewart in his article on 
terrestrial magnetism in the Encyclopeedia Brittanica. 
At noon on that date, the late Mr. R. C. Carrington, the 
well-known Eistronomer, was observing through bia 
telescope a large sun-spot. He describes what occurred, 
and his impreasions as follows : — 

"Within the area of the great north group (the size of 
which had previously excited general remark) two patches of 
intenaely bright and white light broke out. I noted down the 
time by the chronometer, and, seeing the outburst to be very 
rapidly on the increase, and being somewhat flurried by the 
surprise, I hastily ran to call someoae to witness the exhibition 
with me, and, on returning within sixty seconds, was mortified 
to find that it was already much changed and enfeebled, 
Very ehortly afterwards, the last trace waa gone, and although 
I maintained a strict watch for nearly an hour, no recurrence 
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took place. . . . The instant of the Arst oatburst waa not 
fifteen seconds different from llh. iSm, Greenwich mean time, 
and llh. 2Sm. was taken for the time of disappearance. Id 
this lapse of five minutea the two patches of light traversed a. 
space of about S5,000 mtlea. It wa$ impossible, oti flret wit- 
nessing an appearance so similar to a sudden conflagration, 
not to expect a conaiderable result in the way of alteration 
of the details of the group in which it occurred, and I was 
certainly surprised, on referring to the sketch which I bad 
careful] y and satiafeu^toFily finished before the occurrence, at 
floding myself unable to recognise any change whaterer as 
having taken place. The impression left upon me is that 
the phenomenon took place at an elevation considerably 
above the general surface of the sun, and accordingly altogether 
above and over the great group in which it was eeea projected. 
It has been very gratifying to me to learn that Mr. Hodgson 
chanced to be observing the sun at his house at Holloway on 
the same day^ and to hear that he was a witness of what he 
also considered a very remarkable phenomenon."* 

Dr. Balfour Stewart, in writiog with reference to 
Mr. Carrington'a statement, sayB " at the very moment 
when Carringfcon observed this phenomenon, the three 
magnetic elements at Kew were simultaneously dis- 
turbed. The disturbance occurred as nearly as 
possible at llh. 15m. a.m., affecting all the elements 
simultaneouslyj and commencing quite abruptly. The 
first or most abrupt portion of the diaturbance lasted 
only about three minutes for ail the elements, but after 
that there was a more gradual change in the same 
direetion before the curve turned. This more gradual 
continuation of the first sudden movement lasted about 

* PhUowpJiical TrantaeHont, Zltt TSov., 1861. 
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Bgvea minatefl for tl\ the elements. This magnetac 
distarbjuice waa, however, in reality a sm&U one, and 
w&s followed hy a very great disttirbaace, which took 
place not many hoars atterwards." 

This all goes to show that the belief in a relation 
betweeD the occurrence of prominent sun spots (and 
other solar changes), conspicuous aurorae, and magnetic 
stonns, is well founded. 

This being so, we have to consider whether the 
Iheoiy proponnded in the preceding pages in regard to 
terrestrial magnetism is consistent with such a relation, 
and, if so, whether it can be made to furnish any 
information as to the nature of the connection. 

We have surmised that the earth is an electro-magnet 
with nnsymmetrical poles, magnetized by the impact 
of electrical displacements in the surrounding ether 
projected outwards from the sun. Now, if the sun 
originates these electrical waves, ia it not probable that 
these will be affected by the occurrence of tremendous 
commotions in the sun, such as are indicated by what 
■we call sun spots ? Must not these disturbances^ in the 
line of their activity j influence the electrical currents 
which are being impelled towards the earth, actually, to 
a certain extent, from themselves ? We know that on 
the earth itself violent volcanic eruptions sometimes 
agitate the whole surrounding atmosphere for weeks or 
even months. As has been mentioned in a former 
chapter, Professor Silvanus P. Thompson and other 
teientists have supposed that the surrounding ether in 
which light is propagated, is not only the medium 
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through which also all electric and magnetic forces are 
propagated, but is nothing else than electricity itsel£ 
If this Bupposition is even partially correct, there 
is reason to believe that the occurrence of violent 
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agitations in the great propagator of these electric and 
magnetic forces — that is to say, the sun — must have a 
certain effect on the forces propagated. If the san ia 
the fountain-head of the electric waves which magnetize 
the earth, violent disturbances in the sun will doubtless, 
to soma extent, in the line of the activity of the 
disturbances, affect the character of these waves, aad 
we have seen that aun spots are certainly an indication 
of the existence of such diBturhancea. 

It ia but a step further to magnetic storms. If the 
magnetization of the earth is, as we have conjectured, 
occasioned by the impact of electric waves or electric 
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dispkeements in tlie Murouuding ethetr, then Any change 
in the cturaeterof tbese waves or di^lM«vi«&ts aay be 
expected to produce anabgous dianges in Uie leeolting 
nagpetiem. If tbeee electric wa^es are thrown into 
Tioteikt agitation bf the tnflaeoce of sun spots, will not 
iJteir agitation be made evrideat in the magnetism which 
they produce? The magnetic needle is the revealerof 
the fluctuations in the magnetism of the earth, and it is 
thus to be expected that the changes in the magnetism 
wUl be made evident by the movementa of the needle. 
May we not in this way explain how the occurrence of 
coQJspicnous sun spots is accompanied by the occasional 
violent perturbation of the magnetic needle ? 

It appears that in most caaes the ot^urrence of stm 
spots i» not actually coincident with the occurrence of 
the magnetic storms, but that magnetic storms, on the 
mean, commence 26 boars, and attain their greatest 
height 46-5 hours, after the transit of the spot across 
the central meridian of the sun.* It would appear that 
the effect of solar disturbance, of which the sun spot is 
on indication, is felt only in the line of activity of the 
disturbance. The line of activity may not be towards 
the earth at all. The spot may be visible to us, and yet 
the effects may pass by the earth ; and it will only be 
whon the earth comes into the line of activity, and 
encounters the agitated electric currents, that the effect 
of the disturbance will become evident by the per- 
turbation of the magnetic needle. 

As regards the phenomenon witnessed by Mr. R. C. 
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Carrington, such a "conflagration" as he deacribea, 
occurring in the ether at some distance from the sun, 
would, no doubt, similarly (although on a amall scale) 
affect the electric waves, and, in that case, it happened 
that these agitated waves were impelled towards the 
portion of the earth from which the phenomenon was 
observed, and thus the magnetism at that part waa 
affected, and the magnetic needle suddenly disturbed. 

In regard to the connection with the aurora, it is 
known that electricity and magnetism act and re-a«t 
on each other. We have supposed the earth to be 
magnetized by electric displacements in the surrounding 
medium. The resulting magnetism will in turn have a 
certain effect on the impact of these electric waves, and 
will probably, to a certain extent, deflect them towards 
the magnetic poles. These polea are, according to 
Dr. Silvanus P. Thomson, situated geographically almost 
at the localities of greatest cold, and he suggests that in 
such parts "there will be, at a certain height in the 
atmosphere above the earth's surface, a region where, 
if the air is descending, charged electrically, it will 
discharge itself downwards towards the earth with a 
luminosity like that in a Oeissler's vacuum tube." * 

We can readily imagine that if, in some such manner 
as this, these electric waves are actually the source of 
the aurora, they will, when agitated by solar disturbances, 
impart increased brilliancy to the resulting aurora. 

The question of the association between sun spots, 
aurorte, and magnetic variations has been treated by 

£l{clricilg and Afa^nc^tnn, p. 127. 
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the late Professor R Loomis, Iq the American Jov/mal 
of ScieTice utuI Arts. He writes — 

"On the whole there seems to be no room for question that 
the Dumber of auroraa seen in the middle latitudes of Europe 
and America exhibit* a true periodicity, following very ctoaely 
the magnetic perioda, but not exactly copying them. In 
particular, we notice that during those periods in which the 
range of the magnetic declination was unusually small, auroral 
exhibitions were extremely few in number &ad insignificant 
in respect of brilliancy. If now we inquire as to the probable 
connection between these three classes of phenomena, we 
cannot suppose that a small black spot on the sun exerts any 
direct inflaence on the earth's magnetism or electricity, but 
we must rather conclude that the black spot is a result of a 
disturbance of the sun's surface, which ia accompanied by an 
emanation of some influence from the sun, which is almost 
instantly felt upon the earth, in an unusual disturbance of the 
earth's magnetism, and a flow of electricity, developing the 
auroral light in the upper regions of the earth's atmosphere. 
The appearances favour the idea that this emanation consists 
of a direct flow of electricity from the sun. If we maintain 
that light and heat are the result of vibrations of a rare ether 
which fills all space, the analogy between these agents and 
electricity would lead us to conclude that this agent also ia 
the result of vibrations in the same medium, or at leaat that 
it is a force capable of being propagated through the ether 
with a velocity similar to that of light. While this influence 
is travelling through the void celestial spaces, it develops no 
light, but as soon as it encounters the earth's atmosphere, 
which appears. to extend to a height of about 600 mileafit 
develops light, and its movements are controlled by the earth's 
magnetic force, in a manner analogous to the influence of an 
artificial magnet upon a current of electrici^ circulating 
roimd it." 
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The late Professor Loomis, who wag a distinguished 
mathematician, is a high authority on all meteorological 
phenomena; atid the paragraph quoted seems to be 
corroborative of the hypotheais we have subinitted as to 
the relationa existing between sun-spota, the aurorse, 
and magnetic storms. It would therefore appear that 
the theory set forth as explanatory of the occurrence of 
terrestrial magnetism is not only quite coaaiatent with 
the relations existing between these three natural 
phenomena, hut is, at least to some extent, suggestive 
of the nature of the connection between them. 

* Dr. Aleunder Bucbau gires the height a{ the atutaBphere ae from 
ISO to 200 miles. 




CHAPTER XXII 



CONCLUSION. 

Lit ufl now briefly recapitulate csertain of the deductiona 
drawn in the preceding chapters, and the reasons on 
which they are baaed. 

We have shown that there ia scientific authority lor 
the opinion that the apace through which the earth 
movea in its orbital and diurnal revolutions is permeated 
by a medium of an electrical nature, and that there is 
reason to believe that, through the action of the sun, 
waves or displacements of this electrical medium will 
be impacted against the earth and its enveloping 
atmosphere, on the side turned towards the sun. Aa 
the earth in its diurnal movement rotates eastward, 
each portion of the earth in ita turn passes under theae 
electric waves, and thus a sheet of electric influence ia 
daily caused to surround the earth, winding from east 
to west, In this manner the earth is magnetized by 
electric induction. 

Afl the centre of this electric sheet will practically bo 
on the orbital plane, the poles of the resulting electro- 
magnet — including what we have called the Asiatic and 
Southern foci — will be in the neighbourhood of the 
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apices o£ the earth in relation to the orbit, that ia to 
say, in the neighbourhood of the Arctic and Antarctic 
circles. The exact geographical position of these polea 
will, however, be influenced by the internal structure of 
the earth as a magnet, as well as by the irregularitiea 
of its surface. From these causes, it results that the 
magnetic poles of the earth are, both in latitude and 
longitude, placed unsym metrically in relation to each 
other, there being some reasou to believe that all four 
magnetic poles lie in one hemigphere. 

In view of the magnetization of the earth, resulting 
from influences flowing from the sun, it might he 
expected that the magnetic poles would constantly 
remain in the eame relation to the sun, which would 
necessitate a diurnal revolution of each pole around a 
parallel of latitude in the neighbourhood of the Arctic 
and Antarctic circles respectively. We have endeavoured 
to show that in all likelihood the magnetic poles^or at least 
the centres of primary attraction in these poles, do actually 
describe a daily movement the longitudinal extent of 
which ifl in somewhat similar proportion to the Arctic 
or Antarctic circle, as the period of daily rotation is to 
the period of orbital revolution. The comparatively 
small size of the daily movement has been explained by 
the comparative weakness of the earth's magnetism, and 
the brevity of the time occupied in the daily rotation, 
these two causes rendering it impossible for the 
magnetic poles to change their geographical positions so 
as to remain in the same relation to the sun throughout 
the daily rotatioa We have suggested that there is 
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totne resaoo to mppose that if the daily fotaUon 
occupied the same length, of time as the azmnal revolo- 
lion ocGnpies, the magnetic poles woiUii. in each daOy 
moTement^ describe tirice the laiger cirde, and this may 
hare wmw bearing on the focaiaticm of the two aniilar^ 
poles in each hemispbeTe which are re^iuired to explain the 
observed phenomena. We have seen how the combination 
of the orbital and axial rotatioiis of the earth gives riae 
to conditions that make for magnetic changes io both 
intensity and direction. 

Many believe that in the course of the ages, tho 
magnetic poles do actually describe a circle around the 
geographical poles in tb^ neigbbonrhood of the Arctic 
and Antarctic circles respectively ; bat the materials at 
preaent available are not sufficient to warrant any such 
concluision ; and^ in any case, such a movement does not 
appear to be the movement of these poles in what we 
have described as the secular circoit. 

We have endeavoured to shew that many of the 
peculiarities connected with terrestrial magnetisra may 
be explained by giving due weight to (1) the influence 
of the two subordinate magnetic poles or foci, and (2) 
the want of symmetry in the geographical position of 
the primary magnetic poles. 

Thus the position of the magnetic equator, or line of 
no dip, is probably fixed through the opposing influence 
of the magnetic poles in consequence of their want of 
Bymmetry, a8 aQected by the minor influence of the 
Muboi'dloate poles. If we take the North Magnetic Pole 
an a centre, and describe citclea of increasing size 
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concentrically around it till we arrive at a circle dividing 
the earth into two hemispheres, and if we do the same 
with the South Magnetic Pole, then, if we allow equal 
weight to the two central eirclef? — the circles dividing 
the earth into two heinispherea — and, bo to speak, effect 
a coiDpromise between them, the resulting " circle " will 
aprosimate closely to the magnetic equator. In fact, 
the resulting curve, or whatever it may be called, should, 
if du6 loeight ia given to the mfluence of the rtiinorfoci 
and local causes, be in reality the magnetic equator. 

Similarly, if the two seta of circles are continued from 
pole to pole, the dip would be indicated by allowing a 
certain amount of influence to each pole, ag affected in 
a varying degree by the minor foci, each pole being 
absolutely independent only in its own immediate 
neighbourhood. Of course, through the gradually 
increasing influence of each magnetic pole in its own 
hemispbere, the circular curves, which a compound of 
the two seta of circles would produce, would conform 
more and more nearly to true circles as the distance 
from the magnetic equator increased, and the distance 
from the pole decreased, till, in the neighbourhood of 
each magnetic pole, a true circle might at last reveal 
identity in dip. 

The same reasoning would apply to the magnetic 
declination. In the immediate neighbourhood of each 
pole, its attractive power over the horizontally-balanced 
needle, as over the dipping needle, is virtually exclusive 
of the power of the opposite pole, but in every other 
poaition, when unaffected by local influences, the 
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dedinaUoD is decided by (1) the opposing attractive 
power of the two magnetic poles, and (2) the varying 
inflaence of the anbordinate foci. Just as the geo- 
graphical position of the curves of magnetic dip — which 
are virtually the "parallek" of magDetic latitude — is 
decided by the opposing influences specified, eo, we 
suggest, is also decided the geographical position of the 
li&M of magnetic declination. 

Ajb both magnetic poles must have an influence in 
deciding the direction of the needle, except in the 
immediate neighbourhood of either pole, and asj in a 
large portion of the earth's surface, the minor foci must 
also have a certain influence, it must follow, that, when 
away from the neighbourhood of either magnetic pole, 
and unaffected by local causes, the needle cannot point 
directly towards either magnetic pole. Subject to the 
same exception — that is, the deviation resulting from 
local causes^the needle will point due north and south 
only when the opposing influences ate bo adjusted as 
to produce such a result. Each magnetic pole ia 
endeavouring to attract its own end of the needle, and — 
Bubject to the exception mentioned — the opposite pole 
has an effect varying according to the locality. 

The complex character of the opposing attractive 
influence of the magnetic poles and Asiatic and 
Southern foci, in the district of the longer magnetic 
meridians — the district of the "indirect" agonic lines — 
is evident, and we have suggested that the curious 
elliptical iigurea o£ " no declination " and small variation, 
which appear in the Northern and Southern Eemispherea 
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respectively, are connected with this complexity, as 
also with the widely differing resultSj in different parts 
of the earth, of the secular movement of the poles. 
We have shown too, how the phenomena of secular 
rotation can be explained on the basiH of an elliptical 
pole of considerable size rotating on its axis, (or 
alternatively by Buppoaing two similar polefl rotating 
round a common centre), this suggestion receiving strong 
confirmation from the fact that in middle and upper 
northern latitudes the rate of annual change in declin- 
ation is very much more rapid about the time of " no 
variation," than about the times of greatest variation — 
at which the annual movement is almost nil. 

As regards the connection of terrestrial magnetism 
with other natural phenomena, we have pointed out 
that, if the earth is magnetized in the manner stated — 
that is, by the impact of electrical waves originated by 
the sun — and if sun spots are, as is believed, an indication 
of great solar disturbances, then it is to be expected 
that the electrical waves will be influenced by those 
disturbances, and that the resulting magnetism will 
thus also be affected. If the aurora is a direct result of 
these electrical waves, and terrestrial magnetism an 
indirect result, then we may well suppose that such 
disturbances in the centre of our system as are made 
apparent by the existence of large sun spots, will, when 
the line of force of these disturbances is towards the 
earth, be accompanied by aurorse of increased brilliancy, 
and by these violent perturbations of the magnetic 
needle which characterize magnetic storms. 
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No. I. 
Sefcrrtd to in CAaptert tV and Z, 
Thb recorded secular Yaiiatlona in the Declinfttion and Dip 
of the Magnetic Needle in London or Kew (or Greenwich), 
and Paris from th« earliest times ; collected from different 
authorities. 
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For oertain yeus the figures given by differeot aathoritiea 
vMf. Thia ii particaliu>l7 the ease in regard t<i the earlj 
dates. The toUaving are alternative fLgnres for the decUnation 
lor London or Kew; 1680, 11* 15' E,, and "aboat UJ* B.^" 
1622, «* a E. j 1634, 4* 6' EL ; 1820, 24* 11' W. 

It teems probaWe that for either 1665 or 1666 the declina* 
tioQ given for London or Kew is incorrect, as a reverse move- 
ment ia sbcnvc The fignrea for the earlier of these jears are 
from the Encyciopcedia Briktnnica, and for the later from 
Goillemiu. It ta also exceedingly likely that the decUoation 
abown for either Loodoo or Fans for 1720 is erroneous, aa 
the two are identical, this being unique: Both are so given 
in M. QulUemin's work. The declination for London or Kew 
for one or more of the jears 1B02, 1805, and 1806 are also 
evidently open to question, in respect of the latter two being 
identical for two succeeding years, and all showing a reverse 
movemeot of the needle on the figures given for 1800 from 
the general steady progression. The figures for the years 
1602 and 1805 are from the Enej/dopeedia Briiannicai and for 
ISOO and 1806 from auiUemin, 

The English declination for the years from 1817 to 1830, 
both inclusive, are for Bushey Heath (near London), and for 
the years from 1858 to 1882, both inclusive, the figures, for 
both declination and dip in England, apply to Kew. 

Although BO many of the records — more especially the 
early ones — are open to some doubt, they, on the whole, give 
an aocurate idea of the general movements. Possibly ako, 
under exceptional circumstances, a year's record may, through 
the prevalence of magnetic atorma, apparently indicate a 
reverse movement, or raise a doubt, when it is absolutely 
correct, and even in accordance with the general movement. 
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NoL II. 

Stf erred to in ChapUif XX, and— at ng&rdt the firtt prcbUm—in 
Chttpkr Kill. 

Method of ascertaiaing the length of the diameter of the 
circuit daily described by the North Magnetic Pole, or the 
extent of its daily swing, asaumiog that the pole is in 
latitude 70* 5' north and longitude &6° 43' west, and that the 
range of its daily movemeDt is covered by the mean semi- 
daily range in declinatioo of the magnetic needle at London 
(or K.ew), which is 28 '355 minutes of arc, being the mean of 
the easterly -And westerly moyement. 



Construct a triangle, one side of which o, is a line from 
London (or Kew) B, to the North Geographical Pole A, the 
latitude of London (or Kew) being taken as 61 1-° N., so 
that the length of thia side ia equal to 36^° of geographical 
latitude. The second aide 6 is a line from the North Geogra- 
phical Pole A to the North Magnetic Pole €, its length being 
equal to 19* 55' of geographical latitude. The angle at the 
North Geographical Pole A is 96' 43'. 

We have first to find the size of the angle at London (or 
Kew) B ; and then the length of the third side a beidig the 

distance of the magnetic pole from London (or Kew). 

m 
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To/indB. 

tan J (0+B). ^fi''-* ) oot J A. 



tui|(C-B) = 



i(c-6) 



cot } A. 



sin ^ (c + V) 

Loo8i(«-6) = Lco8 9* 17' = 9-9942745 
Lcos i (c + 6)-L cos 29' 12' = 9-9409755 
Lsin J(c-6) = L8m 9° 17' = 9-2076795 
L sin ^ (c + 6) = L sin 29* 12' = 9-6882949 
L oot J A. =L cot. 48* 21' = 9-9490987 
L tan J (C + B) = 99942743 + 9-9490987 - 9-9409766. 
= 10-0023975 
.•.l(C + B) = 46-9' (1) 



L tan } (C - 6) - 9-2076795 + 9-9490987 - 9-6882949 
.•.|(C-B) = 16'23' (2) 



.-. from (1) and (2) B = 28* 46' 
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T&find et. 



sm a 



sin b 



sin A sin B 
.'. L sin a = L Bin A + L ain 6 - L Bin B. 
« L sin 96° 43' + L sin 19° 65' - L sin 28° 46' 
= Lsiu83° 17' + Lain ir 55'- L ain 28° 46' 
= 9'9970090 + 9'5323123-9'682365l 
-9'8469B63 

Therefore a = either 44° 40' or 180" -44° 40', that is 135° 
20'. It is evident that in this particutEU' problem the first of 
these aJternative answers is the correct ODe, and that a is 
therefore equal to 44* 40'. 

We now construct another triangle, the first side of which 
c is a line from London (or Kew) A, to ons side of the 
range of the small daily movement, the length 
being, as we have just found, equal to 44° 40' 
of geographical latitude. The second side is a 
line from London (or Kew) to the other end of 
the rftQge of the dailj movement, the length 
of this side b being taken as practically the 
same aa the first aide. The angle at London 
(or Kew) A, is 28*355', being the semi-range 
in declination of the needle's movement, on 
the daily average — but aa we have not been 
able to oalciilBite the length of the given sides 
of the triangle to a lower denomination than 
the minutes, we may ignore the decimal part, 
(^r'dreaft^ and take the ansle at London (or Kew) A 
TiuujieA''^ as being 28'. 

We have now to find the length of the third side a, which 
will be approximately the actual geographical length of the 
range of the daily movement. 
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To find iht value ofa. 

cos a- 000 & coac+siQ £ am e oos A. 

« 1 - ein* c + sLn* e «» A, 
,',l-«»a = sin' c (1 -ooe A.) 

,*,im* - - sin' e am* -s- 

,*,L Bin ^ -» L sin c + L ain— ^ — 10 



Vh sin 5 = L ain 44" 40' + L sin 14' - 10 

= 9-8469562* + 7-6098530 - 10 
^7-4568092 

.*. |-nearly 10. .-. o ^ nearly 20 (aay 19' 40") 

We inay therefore take the di&tueter of the daily circuit 
or the ejttent of the dally swing of the zDagnetic pole, or 
centre of primary attraction, as being approximately equal 
to 19' 40", which is nearly one-third of a degree of geo- 
graphical latitude. 

• Wb bm here not log, 44° iff but log ain a of the preceding queition, 
which of course is very near log 44° 40^ th« latter being the searwt log, 
in minutea, to log sio a of the preceding qaeatioDa 
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No, III 
Meferrti to in (Mpier Kill. 

Method of ascertaining the angle of variation wbicli would 
be produced at Loudon if the needle were attracted to t\m 
fl^ntfant '""'^ magnetic pole, and the latter were 
situated in latitude 73 J degrees south, 
and longitude 64° 13' west, that longitude 
corresponding with the longitudinal want 
of aymmetry of the South Magnetic 
Fole in relation to the North Magnetic 
Pole. 




Construct a triangle one side of which 

c IB a line from London A to the 

South Geographical Pole B, the latitude of 

London being taken as 61| degrees north, 

ao that the length of this aide ia equal 

to 141 J degrees of geographical latitude. 

The second side a is a line from the 

South Geographical Pole B to the South 

Magnetic Pole C, its length being equal 

to IG^ degrees of geographical latitude. 

/^" p The angle at the South Geographical Pole 

B is 64" 13'. We have to find the angle 

e>i>nH^i9^urM*n A at London, and thereafter the length 

B-SfTrf^*^ of the third side ft, being the distanca 

from London to the South Magnetic Pole C, 
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m 
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Uai(C + A)-5Sli|lZ^oofcJB 
' ^ ' 008 J (e + a) * 

" ' ' am I (e + a) * 

L o« |(c - a) - L 006 62* Str X 9 6644056 
L eca ^ (e + a) - L ooe 7r » 9-280G968 
LBini(c- a) -9-9479239 
LBio I (c + a)»9 99I94fS 
LootiB-LeotS2*6' 
= 10-2025256 
•.• L tan i (C + A)'» 9-664405€ + 10-2026255 - 9-28069S8 
» 10-9863323 
.-.1(0 + A) = 75" 28' (1) 



li tea I (0-A)-9'9479289 + 10 2025255 -9-9919466 
= 10-1585078 
.-. J(C-A)-55* 14- (2) 



/. frt>in(l)*nd(2). A = aO' 14' 



Tojindk 



sin h 



Bin a 

sin A 



am B 
'. L flin & = - L sin A + L sin a 4- L sin B 

- - L sin 30' U' + L sin 16' 30' + L sin 64" 13' 

= - 9-5388804 + 9-4533418 + 9-9544574 
Therefore 6-= either 47* 41' or 180° - 47° 41'. 
It ia evident that in this particular problem the second of 

these alternative answers is the correct one, and that b ia 

therefore equal to 132" 19'. 
Therefore the angle of variation at London, under the 

cipounastancefl specified, would be 20° 14'; and the distance 

of the South Magnetic Pole from London would be 132° 19'. 
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Na IV. 

Referred (o in ChapUr XVI. 

OalcuxatiOHs as to the daily time of nearest approach o! the 
North Magnetic Polo to certain stations in the Northern 
Hemisphere, on th« supposition that the pole, or at least ita 
centre of primary attraction, deacribea a daily circuifcf and 
that the dip of the needle ia primarily affected by the approach 
and recession of the pole, or its centre of primary attraction, 
in this circuits 



Jan Mayan is in latitude 71° 0' N. and longitude 6° 28' W., 
and the North Magnetic Pole ia believed to be in latitude 
TO" 6' N. and longitude 96' 43' "W. In order to calculate at 
what portion of its conjectured daily circuit the magnetic 
pole, or the centre of primary attraction, would be at ita 
nearest distance to Jan Mayen, we ehall suppose the daily 
circuit to be represented by a dial numbered around the 
circumference from 1 to 24, correspondiag with the 24 hours 
of the solar day. We shall assume tha.t the figure 10 ia the 
nearest part of the dial to the North Geographical Pole, and 
consequently, that the figure 22 is the most southern part, 
and also that, with the figures on the dial placed as specified, 
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the hours approximate to Greenwicb time. Tbas, when the 
scarce of &ttrw:tioii ia pmsing ov6t the figure 10 in its daily 
ciFQuit, and is therefore at its nearest distance for the daj to 
the North Geographical Pole, the time in. Oreenwich will be 
about 10 a.m. 

On these asgiuBpttotu let tu calculate at what part of ita 
daily circuit the attractive inBtience will, when in the latitude 
and loDj^tttde specified, he at its nearest distance to Jan 
Mayen. It is taken for granted that as Jao Mayen is in a 
higher latitude than the msj^aetlc pole itself, 10 o'clock 
would mark the nearest part of the circuit, were the magnetic 
pole sitaated either on the same meridian as Jan Mayen or 
on the opposite meridian. We shall first calculate what 
would be the nearest part of the circuit with the magnetic 
polo 90' west of Jan Mayen, that ia, in longitude 98* 
28' W. 

Let ua construct a triangle of which the angles shall 
represent Jan Mayen, the Korth Magnetic Pole, and the 

Worth Geographical Pole, respectively. The length of the 
side extending from Jan Mayen to the Noi-th Geographical 
Pole, will he 1&° of geographical latitude; and, with the 
magnetic pole in latitude 70' 6' "N,, the side extending from 
the North Geographical Pole to the North Magnetic Pole will 
be 19' B5' of geographical latitude. Let A stand for the 
North Geographical Pole; B for the North Magnetic Pole; 
and for Jan Mayen. With the North Magaetic Pole 
90° west of Jan Alayen, the angle at A wiU be a right 
angle. 
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We have to find the angle at B. 

sia c = cot B tan h 

.". cot B = sin c cot 6 

.*. L cot B = L Bin c + L cot & - 10 

= L sin W S5' + L cot 19* - 10 
==9 ■5323123 + 10-4630281 -10 
= 99&53i04 

Therefore the angle at B is equal to 45* 18'. 
Now it is clear, from the baaig of the problem, that the line 
B A, which extends between the Magnetic and Geographical 



{// 6&g Me) 




C 

(Jan Maytn} 

a, i^ mni c, an apmnd Id diigren of leogrBphical Utitndii. 

Poles, commences at the centre of the conjeotured daily oircnit 
of the Magnetic Pole, and paaaea through the figure 10 on th^ 
dial. The nearest part of the daily circuit to Jan llayen in 
the position apecifiedj ia thus separated from the figure 10 by 
an angle, on the circumference of the daily circuit, of 45* 18' ; 
and, from the fact that the figures on the dial are represented 
clock-wise ai deacribed, this angle is between the figure 10 
and the higher figures, 

Now the figure 16 ia separated from the figure 10 by one 
quartet of the circumference of the daily circuit, the angular 
separation bein^ therefore 90°> If then an angle of 90° 
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m HfMntiiMi of 6 boms, vIiKt does aa scgle of 
45* 18' represeotl 

90* ; 45* 18* : : fh. : 1 
M0a:ST18r ::3«0BL:t 

The answer U ISl minutes and a Cnctum, which, ignoring 
the fraction, ib 31i. Im. Thus the part of the di&l nearest to 
Jas Mit/en in the circnmatAne«a specified, U separated from 
the figure 10 in the direction of the higher figures, by Zh, Itn,, 
and is therefore 13h. Im. 

This calculation ia baaed on the magnetic pole being 
aiiaated 9(i' west of Jan ilajen; bat aa Jan Majen is in 
longitude 8* 28' W., the separation is only 88* 15', being 
r 45' less than 90', If then a separatioa of 90' repreaenta a 
change of 3h. Im. from the figure 10, what will a separation 
9f 66* 15' represents 

90' : 88* 15' : : 3h. Im. : T 
MOQf : 5296 : : ISlm. : t 

The answer ia I77m. and a fraction, say 177m.j — that is, 
2h. S7m. The part of the daily circuit neareat to Jan Mayen 
would therefore, in the circumatancea stated, be separated 
from the figure 10 by 2h. &7m., the separation being in the 
direction of the larger figures. Thia gives ua I2h. 57m., so 
that the magnetic pole, or the centre of primary attraction, 
should, according to this calculation, be at its nearest distanoe 
to Jan Mayen for the day, about 12h. 57m. p.m. 



BT. PETEESBUEG. 

The other stations with which we are dealing all lie in lower 
latitudea than the magnetic pole, so that it aeema reasonable 
to Msume that the &gute 22 would be the neareat part of the 
dally oirouit, with the magnetic pole on the same meridtAQ as 
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the observing atatioo, and the figure 10 the nearest part vith 
the magnetic pole on the opposite meridian. Let us calculate 
what "would be the nearest part of the daily circuit to 
St. Petersburg — which is in latitude 59° 41' N., and longitude 
30' 29' E, — supposing the magnetic pole to be situated longi- 
tudinally 90* west of St. Petersburg, Construct a triangle, 
the angles of which shall represent the North Magnetic Pole, 
the North Geographical Pole, and St, Petersburg, respectively, 
the angle at the North Geographical Pole being a Hgbt 
angle. 



AlNCagPbh} 







(Stl^trrsburg} 



a, i, md c, ai* wpnaHd In d«^M at geogr&plilaql tAtltwltL 

We have to find the angle at B. 

L cot B = L sin c + li cot h - 10 

= Lain 19'55' + Lcot30' 19'- 10 
= 95323123 + 10-2330349 - 10 
= 9'7S53472 

Therefore the angle at B ia equal to 69' 47'; and, as the 
line B A pafises through, the figure 10, thia is the angular 
distance by which the part of the daily circuit nearest to 
St, Petersburg, in the given circumstances, is separated from 
the figure 10, in the direction of the higher figures. 
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Taking it, u forinerlj that the figure 16 represents an angular 
■eparatioa from 10, of 90*, -we find that, proportionally, the 
aiigl« 59* 47' represeau a separatioa from 10, of 3h. 59m.} so 
that the nearest part of the circuit to 8t. Peterburg would be 
Ih. S9n). p.m. (13.59). But the magnetic pole ia actu&Uj 
127* 13' west of Bt Peterabuig, an excess over 90* of 
37* 12'. 

We have assumed that if the magnetic pole were on the 
meridian, opposite to that of St Petersburg, the nearest 
part of the dailj circuib would be the figure 10, and, as the 
opposite meridian is W farther west than the meridian upon 
which we have placed the nmgnetic pole, in our last calculation, 
we see that a displacement of the magnetic pole, 90' farther 
to the west, would shift the nearest part of the circuit by 
3h. 59in., changing it from 13h. 59m. to lOh. If then 90* 
represents a change of 3h. 59m., what change does 37* 12' 
represent 1 

90* : 37' 12' : : Sh. 69m. : 1 
6400' ; 2232' : : 239m. : t 



The answer is 99m. (Ih. 39m.), which is therefore the 
amount by which the nearest part of the daily circuit will be 
shifted from 13h. 59m., in the direction of the figure 10, by 
the removal of the magnetic pole from 90" west of St. 
Petersburg to 127* 12' west of it. The part of fcba 
daily circuit nearest to St. Petersburg, with the magnetic 
pole in longitude 96° 43' W., would therefore be 12h, 
20m. 

The following are the corresponding calculations for the 
other three stations : — 
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KEW. 

Latitude^ 51" 28' K., longitude 0' 19' W. 




{HMm. 



(Ktm) 



a, i, «nd «, are axpnaHd In degieu of e«Ofreplii<]&t lititufle. 

Tojmd the angle at B. 

L cot B =L Bin c + L cot & - 10 

= L sin 19° 55' + L cot 38' 32' - 10 
= 9-63231 23 + 10'0988763 - 10 
= 9-6311886 
.-. B = 66''50' 

To find the distance in time by which that angle is separated 
from the figure 10, on the dial representing the magnetic 
pole's daily circuit — the separation being towards the larger 
figures : — 

90° : 66° 60' : : 6h. : 1 



5400' : 4010' : : 360m. : 267 



M™- 



Thus, with the magnetic pole 90° west of Kew, the nearest 
part of the daily circuit would bo separated from 10 o'clock, 
in the direction of the larger figures, by ih, 27m., that ig to 
aay, it would be 14h. 27m, 

With the magnetic pole in longitude 96° 43' W., it is 
96° 24' west of Kew, the eicesB over 90° weat of Kew being 
thus 6° 24' J the change of position of the portion of the dial 
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nearest to Kow, remltiog therefrom, is found by the following 
proportioiL 

90* ; 6* 24' : : 4b. 27ro. : ^ 
6400 : 384 : ; 267m, -. 19m. 

Thos the neAreet part of the daily circuit is altered by 
19m. ia th« directioa of the figure 10, makiag it l4h. 8m. ; 
that Ib, 2h, 8m. p.m. 

PARIS. 
Latitude 48* 49' K., longitude 2' 29' E. 




To find the angh ai B. 

L cot B = L sin c + L cot 6-10 

= Lsin 19°55' + Lcot4r 11' -10 
= 9-5323123 + 10-0580316 - 10 
= 9-5903439 
.'. B = 0S'44' 

To find the diatance in time by which that angle ia 
separated from the figure 10, on the dial representing the 
daily circuit, tho separation being towards the larger figures. 
90° : 68° 44' : : 6h. ; 1 
5400' : 4124' : : 360m. ; 274 fj^m. 
Thus with the magnetic pole 90' west of Paris, the nearest 
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p&rt of the daily circuit would be separated from 10 o'clock, 
in the direction of the larger figures, by 4h. 3Sta,, tJiat ia to 
say it would be 14h, 35m. 

With the magnetic pole in longitude 96° iB' W., it is 
99* 12' west of Paria, the excess over 90° west of Paria being 
thua 9" 12', The change of position of tha portion of the dial 
nearest to Paris, resulting therefrom, is found by the following 
proportion : — 



90° 
5400' 



g- 12' 

652 



4h. 35m. : 1 
275m. : 28m. 



Thus the nearest part of the daily circuit ia altered by 
28ni. in the direction of the figure 10, making the nearest part 
of the circuit 14h. 7m,j that is, 2h. 7m. p.m. 

TIFLTS. 
Latitude 41' 43' N., longitude 44" 48' E. 



'Js 



a, t>, «Ad c, arc ^ipraiMd In d^iisi of gcogmpliloal laUtiidu 
To find the angle cU B. 

L cot B- L Bin 19"' 55' + L cot 48° 17' -10 
= 9-5323123 + 9-9501162 -10 
= 9-4824285 
,-.B-73*6' 



(Tifi"} 



su 
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To find the dutanoe in time hy which that angle is 
avparatod from the flgttre 10, oo the <)ml representing the 
duly circoitj the leparotion being towards the larger figures, 

90* : 73' 6' : : 6h. : I 
8400' : 4386' : : 360iil : 292 ^'m, 

Tfatu with the magnetic pole 90' west of Tiflls, the neaj^at 
part of the daily circuit would be separated from 10 o'clock, 
in the direction of the larger figures, by 4h. 52m., that is to 
aay, it would be Hh. G2iil 

With the magnetic pole in longitude 96" 43', it is 141' 31' 

west of Tifiis, the excess oirer 90* west of Tiflia being thus 

Cr 31'. The change of position of the portion of the dial 

DOU^Bt to Tiflis, resulting therefrom, is found by the foUowiugr 

proportion: — 

90' : 61* 31' : : 4h. 52m. : t 

6400': 3091' ; : 292m. i U7m. 

^UB the noareBt part of the daUy circuit is altered by 

167m. (2h. 47ra.), in the direction of the figure 10, making 
the nearest part of the circuit 12b. 5m. 

Aa explained in the text, the calculations for Paris and 
Tiilis are baaed upon very uncertain data, and the dip at 
Titlis appears to be docided not simply by the daily circuit at 
the North Magnetic Pole, but also, and in combination there> 
witli, by the daily circuit at the Asiatic focus, to which it is 
much nearer, being longitudinally only 65', or thereby, from 
its supposed longitude, compared with 141° from the Iforth 
Magnetic Pole. 
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Referred to in Chapter XVIJl, 

Dbviations from the general progress of change in declination, 
and table of secular magnetic changes at certain European 
stations, some of whiuh present contrasts to others aa 
regards the general progress of the declination. 



It is mentioned in the text that— owing, no donbfc, chiefly 

to local oanses — there are frequently large deviations in 

declination in places not far removed from one another, so 

that the lines of declination ahown on magnetic charts are 

merely the approxioaate average of the locality. We have 

compiled the following table from the figures given by Dr. 

G. D. E. Weyer, and it is illuatrativs of this fact. We have 

seen that the line of " no variation " passed through London 

in 1657, apparently travelling eastwards; but it would be a 

matter of the utmost complexity to trace the gradual aecular 

change of this line in conformity with the dates of "no 

rariation" as given by Dr. Weyer. Although his figures 

SUf 
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are, doabtlem, only approximalely eorrect, there is no reason 
to tappoti tbftt this complexitj is m result oi any errors. 
Evea with absolute ««cat«cj in his tables sacb ccnnplexity 
would endently exist It would thos appear that the agonic 
HnM shown on pnaent day magnetic cK&rts most necessarily 
be di&rent, not only in geographical posidon, bat also in 
guBeral outline, from the agonic lines of, say, 250 years 
ago. 

The atonic Une which passed through London in 1657 — or 
according to Weyer, in 1658 — reached Berlin in 1660, belog 
the year previoos to its arrival in Paris, although Fans Lies 
considerably to the west of Berlin, and only a comparatively 
small difit6n<« to the east of Londoo. It would seem also 
that this agonic line appeared in Bmsaels^ — which lies longi- 
tudinally about one-third of the distance of Berlin east of 
London, and which is less than a degree south of London — 
in 1648, being (according to Weyer's figures) actually 10 
years earlier than it reached Lohdon, and 12 years earlier 
than it reached Berlin, Apparently, also, "do variation" 
occurred at Dantzig, which is somewhat over SOO miles 
north-east of Berlin, in 1617, which ia 43 years earlier than 
it occurred in Berlin itaelf, notwithstanding that the general 
travel of the agonic line appears to have been in an easterly, 
and not a westerly direction. 

It would seem that at Copenhagen, Stockholm, and Toraea 
— which all lie on, or in the neighbourhood of, a line running 
N.K.E. and S.S.W,^ — the needle never points to the true 
north at all, but haa a permanent westerly variation. These 
peculiarities and deviations from the general system would 
floem to be occasioned, at leaat to a great extent, by local 
oauses. 
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H TABLE OF SECULAR MAGNETIC CHANGES AT H 


^^ CERTAIN EUROPEAN STATIONS, SOME OF ^M 


^^^ WHICH PRESENT CONTRASTS TO OTHERS AS H 


^^M REGARDS THE GENERAL PB.OGHESS OF THE ^| 




DECLINATION. 




■ 




BtftUoo. 


Data of 

No 
Variation, 


D&tsol 

Westorly 


Divte of 

Eitremo 
EmtBtly 
Dodln. 


Date of 

Mnan 
Pojltlon. 


Mean 

Declia, 

Westerly. 


Total 

I>W!llll. 


1 


Ijtsbott 
















38° 42-1?. gPffw. 


1674 1964 


1829 


16M 


1706 


6i' 


32i' 


^^H 




Brwt 














^^H 




Plymouth 
SO'23'N. i'lffw. 


1672 1E76 


1824 


1584 


1704 


n 


354 


^H 




1676 18^6 


1825 


1675 


1700 


5} 


388 


^H 




London 














^^^1 




5r2S'ir. 0°19'w. 


m&m3 


1816 


15C0 


1638 


H 


35i 


^^^1 




Paria 














^^H 




iSMif jr. a^Eg^E, 


1661 1967 


1814 


1574 


1691 


H 


314 


^^H 




Bnuiela ' 














^^H 




SOfSrK. 4°22'E. 


16481961 


1805 


1535 


1670 


44 


m 


^^^1 




BergeQ 


1G801956 


1818 


1608 


1713 


73 


32i 


^1 




Chris tiania 














^^H 




69° 54' If. lCr45'E. 


1631 1050 


1^2 


1612 


1923 


6 


28 


^^H 




Nuremberg 

W2&'N. ire'E. 














^^H 




lG58 1S7a 


1802 


1567 


1680 


6i 


29i 


^^1 




Copenhagen 

es'd'ir./E-se'E. 

Eerlin 


Kever. 


1811 


1651 


i 1571 1 
1 1731 ) 


104 


m 


H 




fiS-aO'fr. 13'23'E. 


IC601943 


1800 


1650 


1676 


3 


30 


^^H 




Stockholm 


Never. 


1812 


1692 


1 1752 1 


104 


111 


H 




Diintaijf 














^^^H 




64^21'N. IS'll'E. 


1617 1975 


1787 


1517 


1CQ2 


H 


m 


^^H 




KoniMbera; 














^^H 




54° 43' if. W30fJi. 


16211000 


1785 


1&13 


1665 


5 


isi 


^^H 




Tornca 
65"51'N. 24°M'E. 


Ncvop. 


1S08 


JlGCSt. 
1 1725 f 


i 160(7 1 
1 1685) 


9 


lot 


^1 




St. Petersburg 


1G30 




( 1 pjOI 1 






^^H 




S9° 41' tr. 30' S^B. 1690 1890 


i7fla 


1658 (tl726J 


3i 


104 


H 






- 


1 
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Befemd to m OhapUr XX. 



The relation between the hypothetical daily aad Bectdar 
moTements of the Magnetic Poles. 



We have, in dealing with the daily movement of the magnetio 
poiea — aad more particularly, of coarse, of the North 
Magnetic Pole — found that the daily movementa of the 
needle indicate the occurrence, at the pole primarily aflecting 
it| of a daily circular movement. It has, however, been 
suggested that the daily movement of the magnetic pole as a 
whole, may have more of the character of a swing than a 
revolution; although the movetoents of the needle indicate 
that a circle ia described by " the centre of primary attraction." 
It haa also been suggested, and, aa we have seen, the avaUable 
evidence supports the suggestion, that the magnetic poles are 
in reality elliptical in shape, and that the secalar movement 
is really ei^ revolution of this elliptical pole on its axis, as if it 
revolved on a " pivot." The evidence does not indicate that 
the magnetic pole as & whole changes its geographical position 
to any considerable extent other than can be reasonably 
accounted for by the supposition of a revolution on its axis. 
If then the secular movement of the pole ia virtually an axial 
revolution, it is clear that the daily movement — which is 
almost inappreciable in comparison with the secular move- 
ment — can by no means be a revolution of the fwle as a whole. 

319 



APPENDIX. 



319 



How tlitjn can we account for a daily circular movement, fluch 
as is indicated by the daily changes in deciiuatlon and dip, 
and, at the same time, allow of the secular revolution of the 
pole as a whole 1 It is maoifest that if the secular movement 
iB as descrihed, the portion of that moyement applicable to 
one day would be merely a slight swing on the circumforencQ 
of the secular circuit. 




a Becnlfli OlTOUt of Pole*. 
Di,Dg, Daily, „ „ 



The double movement may reasonably be explained by 
allowing a certain amount of freedom at the "axis," We 
have spoken of the magnetic pole as being, as it were, 
"pivoted" at the centre. The daily and secular movements 
appear to be quite conaistent with each other if we allow for 
a certain amount of "play" at the "pivot"; bo that the pole 
as a whole is free to move to a limited extent both iji latitude 
and longitude. We have found that the daily revolution 
appears to be clockwise, and the secular revolution in tho 
reverse directign. We may illustrate the two movements, in 
conformity with the explanations we have suggested, by the 
diagrams shown above. 

The large circles represent the secular circuit, and the small 
circles — which of course have to be shown on a very large and 
disproportionate scale for the sake of clearness — represent the 
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TaJcmg it, &s formerly that tbe figure 1 6 repreaents an e.ngul&r 
separation from 10, of 90*, we find that, proportionally, the 
anglfl 59* 47' represents a separation from 10, of 3b. 69m.; so 
that the nearest part of the circuit to St. Peterburg would be 
lb. 59ni, p.m. (13.69). But the magnetiii! pole ta actually 
127' 13* wwt oi St Peterabuig, an excess over 90* of 
37" 12'. 

We hare assumed that if the loagnetic pole were on the 
meridian. oppoait« to that of St Petersburg, the nearest 
part of tbe daily circuit would be tbe &gutt 10, and, as the 
oppontfl meridian is 90* farther west than tbe meridian upon 
which we have pUced tbe magnetic pole, in our last calculation, 
we see that a displacement of the magnetic pole, 90' farther 
to the weat, would abift tbe nearest part of tbe circuit by 
3h. 59m., changing it from 13h. 69m. to lOh. If then 90* 
represents a change of 3b. fidm., what change do«a 37' 12' 
represent 1 

90' : 37* 13' : : 3b. 69m. : t 
6400' : 223S' : : 239m. : i 



The answer i^ ddm. (Ih. 39m.), which is therefore the 
amount by wbicb the nearest part of the daily circuit will be 
flbifted from 13h. 59m., in the direction of the 6gure 10, by 
the removal of the magnetic pole from 90° west of St 
Petersburg to 127* 12' west of it. The part of tbe 
daily circuit nearest to St, Petersburg, with the magnetic 
pole in longitude 96° 43' W., would therefore be 12h. 
20m, 

The followiog are the corresponding calculations for the 
other three stationa :^ 
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KEW. 

Latitude, 51* 28' N., longitude 0° 19' W. 




(Kaw) 



To find ihs angle at B, 

L cot B = L sin c + L cot fr - 10 

= L8in irS5' + Lcot 38°32'-l0 
r= 9-5323123 + 10-0988763 - 10 
= 9-6311886 
.■.B = 66°50' 

To find the distance in time by wtich that angle is separated 
fmm the figure 10, on the dial representing the magnetic 
pole's daily circuit— the separation being towards the larger 
figures ; — 

90° : 66' 60' : : 6h. i ? 
6400' : 4010' : : 360jn. : 267 ^m. 

Thus, with the magnetic pole 90° weat of Kew, the nearest 
part of the daily circuit would be separated from 10 o'clock, 
in the direction of the larger figures, by 4h, 27m., that is to 
Bay, it would be lih. 27m. 

With the magnetic pole in longitude 96° 43' W., it ia 
96° 24' west of Kew, the excess over 90° west of Kew being 
thus 6° 24' i the change of position of the portion of the dial 
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To find tJie dlstuioe in tune by wMcb tbftt angle ia 
wpAratod from the fignra 10, on the dial reproseDtlag the 
daily dtcvit, the sepiiration being towards the larger fibres. 

90' : 73° 6' ; : 6h. ; I 
5400' : 4386' : : 360m. : 292 |i^m. 

Thoa with the magnetic pole 90° west of Tiflia, the nearest 
part of the daily circuit would be separated from 10 o'clock, 
in the direction of the larger figures, by 4h. 52ni.^ that is to 
aay, it would be Hh. 5^2m, 

With the magnetic pole in longitude 96* 43', it is 141° 31' 

WMt of Tiflia, the excess over 90° west of Tiflia being thug 

Bl* Sr, The change of position of the portion of the dial 

nearest to Tiflis, resulting therefrom, is found by the following 

proportioii ; — 

90' : HV 31' : : 4h. 52m. : t 

5400* : 3091' : : 292m. : 167m. 

Thus the nearest part of the daily circoit is altered by 
167m. (2h. 47m.), in the direction of the figure 10, making 
the nearest part of the circuit 12h. 6m. 

As explained in the text^ the calculations for Paris and 
Tiflis are based upon very uncertain data, and the dip at 
Tiflis appears to be decided not simply by the daily circuit at 
the North Magnetic Pole, but also, and in combination there- 
with, by the daily circuit at the Asiatic focus, to which it ia 
much nearer, being longitudinally only 65°, or thereby, from 
its supposed longitude, compared with 141° from the Korth 
Magnetic Pole. 




APPENDIX 

No. V. 
Seferred io m Chapter XTIIl 

DevtATiOHS from the general progrees of ctaiigie in declination, 
aad table of secular magnetic changes at certain European 
statioQa, eome of whiuh present contrasts to others aa 
regards the general progresa of the declination. 



It is mentioned in the text that — owing, no doubt, chief! j 
to local causes — there are frequently large deviations in 
declination in places not far removed from one another, ao 
that the lines of declinatioa shown on magnetic charts are 
merely the approximate average of ths locality. We have 
compiled the following table from the 6gurea grren by Dr. 
G, D. K Weyer, and it ia illustrative of this fact. We have 
seen that the line of "no variation" passed through London 
in 1657, apparently travelling eastwards ; but it would be a 
matter of the utmost complexity to trace the gradual secular 
change of thia line in conformity with the dates of "no 

variation" as given by Dr. Weyer. Although his figures 
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